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NLS 481 Simplifies and Accelerates Power Supply Testing 


Many manufacturers are finding that power supply testing is 
greatly accelerated by the NLS 481 Digital Volemeter. Dur 
ing regulation tests, changes of 0.01 in Output voltages 
are measured and displayed mmstantl) in one-tenth of the 
time required by manually-operated instruments! As the volt 
age changes, the l-inch numerals change on the easy-to-read 
illuminated readout 

With 10 Megohm input impedance and a range of 0.001 to 
1000 volts, the NLS 481 also ts being used for precise 
measurement of Zener diodes 

The NLS 481 is easily operated by unskilled personnel by 
anyone who can read numbers. Range change, decimal place 
ment, and polarity indication are performed automatically by 
the instrument. And no special preparation 1s required Con 
nect the cable, snap on the switch the instrumett is ready 


tO ZO to work! 


MAKE YOUR OWN TEST 
Even though the NLS 481 is the least expensive of 4-digit 


voltmeters, competitive life tests reveal it will outlast other 


NLS—The Digital Voltmeter That 


makes costing two to three times as much. You are invited to 
make your own life and performance tests without obligation 
Phone or wire today and we will supply you with an NLS 481 
for this purpose. Then you can see for yourself why the NLS 
i8 1 is finding ready acceptance in the areas of quality control, 


electronic design, field testing, and research 


NLS 781 DIGITAL OHMMETER 

Providing the same basic operational features as the NLS 481, 
the NLS 781 Digital Ohmmeter sells for the same low price 
With a range of 0.1 ohm to 10 Megohms, the NLS 781 is 
proving particularly useful for rapid inspection of precision 


resistors 


The price below is for either the NLS 481 or NLS 781 
FURNISHED COMPLETE $1285 * F.O.B. SAN DIEGO 


Originators of the Digital Voltmeter 


non-linear systems, 


. 
OFWs DEL MAR (San Diego), CALIFORNIA 


Works...And Works...And Works! 








WE'RE LEARNING 
WHY TWO EARS 


ARE BETTER THAN ONE 


Which speaker is making the sound? In echoless chamber at Bell Labs, Robert Hanson measures test subject's ability to localize 


sounds 


ln listening to stereophonic music, how is it that 
our ears and brain construct a picture of the 
entire orchestra with but two samples (the sounds 


from two speakers ) to work with? 


How is it that our ears and brain are able to 
pinpoint one voice in a roomful of talkers—to 


listen to it alone and ignore the rest? 
What makes two ears better than one? 


Bell Telephone Laboratories scientists are 
searching for the answers. For in finding them, 
better telephone instruments and better ways of 


transmitting sound will surely result. 


Our hearing performs feats that no electronic 
How ? 


scientists believe the secret lies in the wav out 


system can yet duplic ate. Laboratories 


two ears function in partnership and in the way 


observes how two ears operate in partnership. This and other tests may point the way to better telephone instruments 


our neural network connects them with our brain. 
The problem: to discover what functions the net 
electronic 


work performs and to see whether 


duplication might enhance understanding. 


The work is under way. Electronic circuits 
that simulate the operation of nerve cells have 
and conceptual models 


already been created 


of the neural network are being constructed, 


Alexander Graham Bell’s interest in deafness 
and hearing led to the invention of the telephone. 
Bell Laboratories’ 


naural sound may well lead to important new 


current explorations in’ bi 


advances in the transmission of speech and music. 


zB BELL TELEPHONE LABORATORIES 


nications research and development 
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1) It’s the Ted Stephens family in their 
spanking new Ford Fairlane on their way 
home from Sunday services. Here's the 
four-door sedan they drive 





® Arter much pleading, Sue Grant 
finally wheedled dad's new T-Bird out 
of him—-she’s a big-time sorority girl now. 
And this new beauty carries four. 








O There goes Doctor Summers’ new 








} 


8 hc Mitchell's new Continental Mark 
IV gets the once-over by his partner, Cliff 
Potter, before their weekly golf date. 
Picture this in your driveway! 








: l|fO 


4) That’s Ethel and Jack Steele loading 
their Edsel station wagon for a picnic in 
the country with the kids. Here's the nine- 
passenger, four-door model they chose. 











O vie new Mercury Park Lane in the 


Lincoln Premiere hurrying off to the city Wilson driveway really sparkles —young 
hospital The Elliot baby is on the way! Jimmy gets a doilar each time he washes it. 
Here ut is. See what we mean? 


Ls ahen te 


«, 


This is the car his patients recognize. 


ale 





MORE FEATURES, 
MORE FUN... 
IN THE FORD FAMILY 
OF FINE CARS 


O who's missing? The Smiths— June, 
Fred, Timmy and Tommy. They left 
early in this Ford convertible for a two- 
week vacation in the sun. 


Seven families—seven different cars. The families come in 
seven different sizes—so do the cars—because they were 
specially designed by Ford Motor Company to meet the 
needs of these families—and, in fact, all the families of 
America. That’s why we produce 60 different car models 
with such a variety of styles and features that you can 
actually select an automobile for your family that has no 
identical twin on the American road. 


FORD MOTOR COMPANY 


The American Road * Dearborn, Michigan 


FORD e THUNDERBIRD e EDSEL e MERCURY e LINCOLN 
CONTINENTAL MARK IV e ENGLISH FORD LINE e GERMAN FORD LINE 
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ECIAL SM, 
or LECTRICWELD” TUBING 








. for « superior surface 
4 finish 
exact tolerances 
. . reduced machining 
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This profilometer test is part of J&L's rigid quality control 
from ore to finished tubing. 
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SPECIAL SMOOTH |.D. ELECTRICWELD TUBING 
now available 
with wall thickness to */i6’ 


Investigate the possibility of cutting most honed surfaces. The mirror- 





i 
pe 
Y 


* 


AA 


AA v.% 1. 


pr 
. 
; 
A 
1 


your production costs, improving like surface results from J&L’s 


AX 
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your products, with this new J&l unique drawn-over-mandrel proc- 





ef ™ tubing. The expansion of size range essing method. This eliminates many 
f f ) 
a, A of special smooth Electricweld tub- machining operations and cuts costs 
\ 2 ing now permits greater design appli- in production of hydraulic and pres- 
= . ~ . “i 

, A cation of this versatile product. The sure cylinders. 
x * new wall thickness is made in tubing For complete information, call 
— aa. with inside diameters up to and your local distributor, or write di- 








including 314 inches. rect to Jones & Laughlin Steel Cor- 
Special smooth Electricweld tub- poration, 3 Gateway Center, 
ing has an inside finish superior to Pittsburgh 30, Pennsylvania. 





Jones & Laughlin Steei Corporation 


PITTSBURGH, PENNSYLVANIA 
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Products of 





Ka Glass Container Division 
- Owens-Illinois 

0) 4 

CML Mh eee 








isa Major kactor in 














the manufacture of these 








Owens-Illinois Products 


Products of 
Kimble Glass Company 
an O-I Subsidiary 


MAKERS OF (J) PRODUCTS Owens-ILuinoIs 


GENERAL OFFICES + TOLEDO 1, OHIO 
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There’s no mark 
of the gambler 
in him! 


~~, be 
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For all his willingness to bet that this hay- 
conditioner roller is without fault, this 
John Deere Inspector will take nothing 
for granted. 

For, although every possible precaution 
is taken in production to make each part 
fit specifications perfectly, the work of this 
inspector is part of the John Deere system 
of quality control designed to prevent even 
the entrance of error. But the system does 


JOHN DEERE, Moline, 


not apply alone to the checking and meas- 
urement of parts and assemblies. Raw ma- 
terials, skills, and methods are also closely 
watched as part of this preventive “‘in- 
surance’ against an inferior product. 

It’s this close attention to all phases of 
manufacture that has given John Deere a 
reputation for quality in industrial and 
agriculture equipment throughout the 


world. 


lllinois 


Wherever Crops Grow, There's a Growing Demand for John Deere Farm Equipment 


JOHN DEERE 








WHAT STEEL TO USE? 
HOW TO USE IT? 


oe ASK the men 
Who know... 


AT REPUBLIC / 





Men experienced in field work, in mill, and 
in laboratory are ready to give you the right 
answers—fast—to your questions on steels 
and steel products. 

Make use of this 3-Dimension Metallurgical 
Service to get the most out of steels—effi- 
ciently and economically. 

These experts can tell you how to get the best 
results at lowest costs—what steel to use for 


each application—how best to fabricate it. 


Phone, write or call in person with your prob- 
lems. There will be no obligation—except 


on our part, and that to serve you WELL! 


REPUBLIC STEEL CORPORATION 


GENERAL OFFICES * CLEVELAND 1, OHIO 
Sales Offices in Principal Cities 





PRODUCTS 


Carbon Steels 

Alloy Steels 
Stainless Steels 
High Strength Steels 
Pig tron 

Titanium 

Metal Powder 

Coal Chemicals 


7 7 * 


Hot Rolled and Cold Finished Bars 

Billets, Blooms and Slabs 

Plates 

Skelp 

Hot and Cold Rolled Sheets and Strip 

Coated Sheets and Strip 

Tin Plate 

Terne Plate 

Bolts, Nuts, and Rivets 

Nails and Spikes 

Steam, Gas and Water Pipe 

Oil Well Casing and Tubing 

Line Pipe 

Plastic Pipe 

Boiler and Condenser Tubes 

Mechanical Tubing 

Stainless Steel Tubing 

Electrical Conduit 

Materials Handling Equipment 

Wire and Wire Products 

Farm Fence 

Pails, Barrels, and Drums 

Flanged Stee! Ree! Traverses 

Stee! Lockers and Shelving 

Steel Shop Equipment 

Steel Office Equipment 

Stee! Kitchens 

Stee! Windows, Doors, Joists, 
and other Building Products 

Aluminum Windows and Jalousies 

Complete Stee! Buildings 

Drainage Products 

Roofing and Siding 
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OVERDRIVE 


QUALITY TRAN SMISSIONS 


THROUGH 


MODERN STATISTICAL QUALITY CONTROL METHODS 


MARINE UNIT 


*% Acceptance Sampling Of Finished 
And Semi-Finished Purchased Parts 


* Xand R Control Charts For 


Process Control 


* Distribution and Probability Charts 


INDUSTRIAL TRUCK in Trouble Shooting 


. N t ® 


' ° N 


Muneie, indiana 
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There’s a long history 
of quality conirol 
back of the CANCO oval! 


Every container that bears this famous trademark is 
manufactured under a comprehensive quality con- 
trol program. Many years ago, American Can 
Company established a policy of highest possible 


product standards. Today it is a Canco tradition, 


Quality control men in the many Canco plants 
throughout the nation assure Canco customers of 
highest quality containers, be their requirements 
large or small. Such outstanding day-in, day-out 


dependability plus the newest and best in packaging 


ideas keep Canco first. 


Gs American 


Can Company 
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Random Balance 


Part Il—Techniques of Analysis 


THOMAS A. BUDNE* 


Statistical Engineering Consultant, Great Neck, N. Y. 





Editorial Note 
Part I of this article began in the April issue of 
Industrial Quality Control. The article will be con- 
cluded in the June issue. 











A Synthesized I/lustration 


The discussion of executing a designed experiment 
can best be built around a case history which appears 
as Part III of this article. The questions which arise are 
common to many industries and products. 

The techniques of analysis, however, are best demon- 
strated in the following illustration which has been 
planned to include some of the complexities which have 
been found in a number of actual experiments. The 
data are synthetic, allowing us to create any desired 
conditions. In this way we can see how well the 
random balance experiment will achieve its objective. 

We assume a manufacturing operation which has 
excessive variation. The nature of the problem is such 
that 12 variables or operating conditions A through L 
are the possible contributors to the problem. These 
variables or conditions may be either continuous or 
discrete. As continuous variables they may be: operat- 
ing temperatures, pressures, speeds, rates of feed, rough 
dimensions, quantities of ingredients, lapsed time be- 
tween operations, amount of moisture, humidity, hard- 
ness of cutting tools, etc. As discrete variables they 
may be: machines, technicians, operators, lots of raw 
materials, geometry of cutting tools, types of coolant, 
etc. 

The objective of the experiment is to screen all 
variables to find the few which have major effects. 
The number and selection of levels to be programmed 
must be consistent with this objective. The excessive 
variation which constitutes the problem exists under 
conditions which are considered normal. Hence the 
experimental conditions must reflect normal operating 
conditions 


*The writer is indebted to members of the staff of Rath & Strong, 
Inc., with whom he was associated during the initial preparation of 
this article, for their valuable suggestions and criticisms 
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The highest and lowest experimental levels must be 
equivalent to the experienced high and low values of 
the corresponding operating conditions. In statistical 
language, the 95th and 5th percentile values of the 
distribution of the recorded operating values of a 
variable would be ideal as the highest and lowest 
experimental levels of that variable. A smaller experi- 
mental range of a variable would fail to reflect its full 
contribution to the problem. A larger experimental 
range of a variable might exaggerate its contribution 
to a point where a minor effect is formed into a majo: 
effect. While it may be of interest to know that such a 
variable exists, it is not one of the major effects under 
the normal conditions in which the problem exists and 
is not one of the truly critical variables being sought 

It is no problem to establish the high and low levels 
in operations in which records of all operating condi- 
tions and variables are kept. When no records are 
available, a period of observation of the normal opera- 
tions may serve to establish a good estimate of actual 
operating limits of the variables to be included in the 
experiment. 

There is usually little value in going beyond two 
levels of each variable in a screening experiment 
Exceptions will occur in the case of discrete variables 
which do not clearly have a high and lew level. There 
may also be some feeling that particular continuous 
variables do not give a continuously increasing o1 
decreasing response across their operating ranges and 
nay, in fact, give extreme response only at some point 
within the operating range limits. While this condition 
may theoretically occur, experience in a large number of 
cases has failed to find such an occurrence. Normal 
operating ranges are usually too narrow to permit this 
phenomenon. Where the arguments in favor of an 
intermediate level are overwhelming, however, the in- 
termediate third level may become necessary. The loss 
in simplicity of analysis as well as in ease of executing 
the experiment, justifies a strong effort to maintain 
only two levels for each variable 

The 12 variables in our assuraed manufacturing oper- 
ation are assigned two levels each. The variables are 
divided into two groups of six each and each group is 
programmed into a half-replicate of a 2® factorial design 
of 32 test runs. The two separate designs are detailed 


ih 





TABLE Vi—Variables Sub-Grouped in Half-Replicates of a 2 
Factorial Design 


First Group of A B 
Variables 


Second Group of G H 
Variables 


in Table VI two levels for each variable 
designated as ( 

The sixth variable of group 
founded with the 5-factor interaction of that group. It 
can be seen that this is simply accomplished by assign- 
) to the sixth column as is indicated by 
product of (+)’s and ( 
Each of the 32 com- 


binations in each .of the two designs is now randomly 


The 
) and (—) 
each been 


has con- 


ing (+) or { 
the algebrai 
five variables in that combination 


are 


)s of the other 


assigned to test runs 1 to 32 in the first column of 
Table VII which gives the detailed design of the 
experiment. 

The 32 synthesized test observations start with a 
random sample from a normal population having a 
mean of 100 and a standard deviation, o, 2.0. This 
sample appears under the heading Y, in Table VII 
The following effects were introduced by adding them 
to the test results of the (+) levels of the indicated 
variables: 

15 tu G 
12 to D 
+10 to JK interaction 
+8 to A 
+6 to EH interaction 
+4 to B 


4 to I 
The data containing these added effects appear unde 
the heading Y, in Table VII. 
The contributed variance in each case is E2 
E is the added effect. 


The variance of the model, o,*, becomes: 


1 where 


It will be noted that the sample standard deviation is 
13.5 

The added effects were introduced to disperse strong 
main effects into both One interaction lies 
wholly within one group while the other is split be- 
tween both groups. 


groups. 


The analysis begins with 12 scatter diagrams. One 
for each of the variables (main effects) splitting the 
test results into the high levels and low levels for each 


variable. Figure 5 gives these 12 diagrams 


TABLE Vil—Design of the Experiment and Processed Test Data 


Factorial 


ombination 
p D E F 


Levels of Each Variable 


G 


Test Pesults 
H 


91 
105 
99 
82 


100 
89 
97 

113 
96 





101 
97 
100 


| 
| 
| 


Standard deviation 2 13.5 6.6 
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. = + 


F 


G + H + 1 


Figure 5—Scatter Diagrams for Main Effects Based on Original Test Data, Y 


A very simple and rapid method for a first rough 
analysis is to mark the median location for each level 
variab!e and take the difference for the two 

each variable. This is indicated in the 
Since the data will “wild 


this is a valid procedure and 


of each 
medians of 
have 


diagrams appear to 


shots,” may even be 


theoretically superior to the use of arithmetic means, 


under the circumstances. 

Clearly, the median differences for variables A, D and 
G stand out sharply. If a test of significance is desired, 
we may count the number of test results in the highe 
level which are higher than the highest test result of 
the other take a count for the 
test counts 
diagrams for 


similar low 
are indicated 
A, D and G 


a total of at least R such counted points with 


and 
Such 


level 
results scatter 
variables The probability of 
getting 


two groups of 16 points each is given by the statistic 


Variables A and G each have a total of ten counted 


points. The computed probability of at least ten such 
points by chance alone is less than 0.005 
Variable D has a total of eight such counted points 
The probability that R is at least eight is less than 0.02 
The general statistic which applies to any two groups 


of data of equal size is 


where R is the sum of points counted at each end and 
n is the number of points in each group 

By the usual standards of tests of significance, dif- 
ferences which lead to probabilities of less than 0.02 
find 


The problems of multiple tests of signifi 


and particularly 0.005, such as we here, are real 
differences 
cance are no different here than they may be in 


John W Tukey 


cently presented a table for multiple comparisons be- 


any 


other more classical situation has re- 


tween two groups of equal size, based on an “outer sum” 


(such as we have applied here in individual compari- 


sons), at a five percent level of significance 


The application of such a non-parametric test is par- 


ticularly appropriate when there may be reasonable 
of Institute of Mathematical Statistic 
Association and the Biometric Society at Uni- 
March 20, 1959. Publication is expected in a 


Technometrics 


*Presented at joint meeting 
American Statistical 
versity of Pittsburgh 
forthcoming issue of 


doubt that we have a random sample of observations 
from a normal population. The existence of one or more 
questionable observations may seriously affect our right 
to use a “t” test. 

We are now ready to remove the effects of A, D and 
G from our data, so that other effects may stand out 
more sharply. It 
the three corrections simultaneously 
9y? 


is convenient and desirable to make 
The data are laid 
2 factorial array as shown in Table VIII 
The 
lack of exact balance could allow either D or G to effect 
the difference between A+ and A How- 
the procedure of averaging the averages of each 
Thus, 


out In 
Totals and averages are computed in each box 

averages 

evel 


box for a level average, removes this possibility 


the A effect is 


(X, + X 


the D effect is 


the G effect 


12.8] 


TABLE Vili—Analysis of the Effects of Variables A 


dD D 


49 
B3.00 


82.23 
94.10 


10.60 11.87 











+ o ef + F 


+ G + + 1 


Figure 6—Scatter Diagrams for Main Effects Based on Corrected Data, Y 


The corrections to be made in the test data of column 
Y,, are 
Add —11 to test results at A+ level 
Add +12 to test results at D+ level 


Add +13 to test results at G+ level 


The corrections were rounded off to the nearest whole 
number. The data thus corrected appear in column Y, 


in Table VII 


It is interesting to note here that the exact “t” 
on these variables would be 


tests 


A effect 


G effect 
Xe) (X, 
S 
I 
AD interaction 
Ke + Ke) — (2 
S, 
AG. interaction 
+ X) — (Xe 
S 


| 


. 





INTERAC TION 
aY 


VARIABLE 
x 


VARIABLE 
T 


Figure 7—An Interaction Pattern 


DG interaction 


? Xs) (X; T 
S, 


ADG. interaction 
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where 


number of observations in each cell 


usual residual variance with ¥n, — 8 degrees 


of freedom 


The corrected data of Y, are now replotted in scatter 
diagrams as shown in Fig. 6 


This time variable C gives an effect of 7.5 which stands 
out sharply from all others. Its magnitude, however, is 
not of the same order as those of A, D and G already 
isolated. Further large effects among individual varia- 
bles in the magnitude of ten units may exist among the 
interactions. It is then appropriate to examine the two- 
factor interactions for further large effects. This is done 
by forming a column which is the algebraic product of 
the (+)s and (—)s of the two variables whose interac- 
tion is to be examined and plotting the (+-) levei test re- 
sult vs the (—) level test results for this product column. 
With 12 variables there are 66 two-factor interactions 
a large number. The labor of isolating the few large 
effects can be reduced considerably. If an interaction 
has a large effect, it will probably give a run of (+)s 
at the top or bottom of the scatter diagram and a run 
of (—)s at the other end. (+)s can only occur if the 
original variables were both (+) or both (—). This 
means that a run of (+)s can occur only if both varia- 
bles showed identical patterns at either the top or bot- 
tom sections of the diagrams. (—)s can only occur if 
the original variables had unlike signs. This means a 
run of (—)s can only occur if the two original variables 
showed mirror image patterns at the top or bottom of 
the diagrams. For example, see Fig. 7 

We examine the scatter diagrams for individual var- 
iables seeking those which are identical at one end and 
mirror images at the other. It is sufficient to start look- 
ing at the lowest three or 4 points and the highest three 
or four points. In Fig. 6, A with E, H and L are suspect 
at the lower ends. Of these only A with H and L remain 
suspect after examining the top ends. Examining B and 
then C and so on in turn with each of the variables 
which follow selects a relatively small group of suspects. 
A group of such suspect interactions has been plotted 
in Fig. 8 
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Figure 8—Scatter Diagrams for Selected Interactions Based on Corrected Test Data, Y>» 








Figure 9—Scatter Diagrams for Main Effects Based on Corrected Test Data, Y; 


The AB interaction is the first combination of varia- TABLE iX—Analysis of the Effects of C and JK 
bles and is included only to show its appearance in 
graphical form. The JK interaction stands out clearly, 
followed by the AH interaction. We have then: 96 

94 
JK with an approximate effect of 9.0 = 
91 


JK4 


C with an approximate effect of 7.5 


AH with an approximate effect of 6.0 


Since it is not possible to fill all the cells in a 2° array 
for JK, C, and AH, a 2? array for JK and C, the largest 
of the three effects, is presented in Table IX. 

The effect of C is now only three units instead of the 


seven units indicated in the diagram. This may be due 
to the unbalanced effect of the eight units contributed 
by the JK interaction. Since an effect of three units is 
not clearly a real effect, we shall ignore it for the pres- 
ent and make corrections for the JK interaction alone 
Plus eight (+8) units are added to the Y. results for 
which JK is (+) giving the corrected results in column 
Y, in Table VII. 189 
The corrected test data of column Y, are again re- 97.80 
plotted in Fig. 9. Following the procedure outlined ear- 96.99 onen 
lier, those variables which could be suspected as having 93.63 JK 99.49 
two-factor interactions are plotted in Fig. 10. The EH 3.36 JK 8.36 
interaction stands out sharply. C and the CG interac- 
tion rank second in importance, but again they may be TABLE X—Analysis of the Effects of C, EH, and CG 
only accidental. The analysis in the 2° table in Table X 
indicates an effect of approximately five for the EH in- G+ 
teraction and questionable or no effects for C and for 
CG. 
The test data of column Y, are corrected by adding 
5 units to those test results for which EH is (—). The 
resulting corrected data are entered in column Y, of 
Table VII. 
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Figure 10—Scatter Diagrams for Selected interactions Based on : 98.56 G EH 97.14 
Corrected Test Data, Y; 2.27 \EH 5.06 








Figure 11—Scatter Diagrams for Main Effects Based on Corrected Test Data, Y, 


TABLE Xi—Analysis of the Effects of A, C, and |! 
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TABLE Xi!—Comparison of Actual Effects and Estimated Effects 


Variable Actual Effect Estimated Effect 
15 


12 


The corrected data, Y,, are again replotted in scatte: 
diagrams in Fig. 11 where the three largest indicated 
effects, A, C, and I, are analyzed in the 2° array in 


Table XI. 


The appropriate corrections of 4 units for C and 


column of Table VII. 


units for I appear in the Y; 


It becomes evident in looking at the histograms of test 
results in Fig. 12 that the major sources of variation 
have been identified and very little more can be gained 
by further analysis. If further reduction in variation is 
pursued only for the sake of the challenge, it may even 
be possible to find that the corrections already made 
were not the most ideal corrections and that some ef- 
fects of the corrected variables still remain. However, 
such a game is beyond the scope of the screening objec- 
tive. The desired objectives were achieved. All the ef- 
fects which were synthesized into the data were iden- 
tified and their relative magnitudes were adequately 
estimated for all practical purposes. Table XII gives 
the estimated effects compared to the actual effects. 


If the problem were one of optimizing the measured 
characters of the problem, more precise experimental 
designs, incorporating all the identified variables or in- 
corporating some of them while the others are held con- 
stant, would be in order. 

Editorial Note: Mr. Budne’s article will be concluded in 


the June issue. 
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Figure 12—Frequency Distributions of Data at Each Stage 
of Processing 
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Editorial Note 
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Statistical Applications to Process Control 


The more a process is complicated with variables and 
other factors affecting the finished product quality and 
cost, the greater is the need for the application of sta- 
tistical techniques for controlling the process. Quality 
degradations in a process are very difficult to trace to the 
source of trouble without a logical scientific analysis of 
the controlling factors. The goal of statistical control 
is to establish an ideal method for determining when 
trouble exists, the nature of the trouble, and a system 
for isolating and correcting the cause of the trouble; 
the latter is the main objective. 


Process Control: Techniques 


In applying statistical techniques to the control of a 
process, three stages of application exist, each meriting 
consideration separately, but more so in combination: 


. Process Development Applications 

The design and analysis of experimental data in the 
development stage of a process provide vital informa- 
tion for making more accurate conclusions with re- 
spect to the variables involved, and their influence on 
quality. At the same time, analysis of the data will 
suggest optimum operating levels for the variable 
characteristics involved. If the application in the ini- 
tial development stage is overlooked, trouble spots 
often occur, resulting from insufficient information 
about the process. 

Thus, there is little or no knowledge as to the source 
of trouble. Proper analysis of a process in the begin- 
ning will reduce considerably the number of problems 
occurring once a process is in operation. 
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Established Process Applications 

After the development stage is completed and the 
process is in production operation, the application of 
statistical techniques is of particular importance in 
providing a system for indicating when a significant 
number of defective parts have occurred. After es- 
tablishing the fact that sub-standard quality is being 
produced, the nature of the defects must be consid- 
ered, since in most cases the type of defects dete1 
mines in part the possible sources of trouble. Then 
comes the most difficult task, that of determining the 
exact cause of the defective parts 


Modification and Improvement Applications 

After the process is operating efficiently and a meth- 
od of control is established, investigations are usual 
ly made to determir e where changes can be made in 
the process to reduce costs of operation and still main- 
tain quality standards. 

Statistical techniques can be used to an advantage 
in designing experiments and analyzing data to deter- 
mine the effect of modifications of the process on 
quality and cost. 


All statistical quality control case studies do not follow 
the above sequence, for many statistical programs are 
initiated after a process is in operation and trouble spots 
have developed. In these cases, the sequence of ap- 
proach would be: (1) investigate procedures for con- 
trolling the process, (2) study previous development 
experimentation, and (3) recommend additional labo- 


ratory experiments if necessary 
General Quality Problems and Procedures 


The following is an outline of a general procedure 
effective in approaching the task of statistical quality 


control application to a process 


1. Determine the Existence of a Quality Problem 
A measuring device is needed to determine when to 


look for trouble and when to leave a process alone 





A controlled process is characterized by a certain pat- 
tern of variation clustering about a mean value. This 
variation is produced by a system of chance causes 
which are inherent in the process. Some of the chance 
cause variations may be eliminated or reduced, but it 
is neither economically feasible nor necessary since 
the product is sufficiently uniform in appearance and 
is acceptable without further improvement. The pur- 
pose of the measuring device is to distinguish between 
inherent process variation and variations caused by 
external, assignable causes which have entered the 
process. Corrective action is advisable only in the 
latter case 

A measuring device accepted and commonly used 


in most circles is the contre? chart for de a a 


b. Correlation and Regression Studies 

It is sometimes possible, without recourse to ex- 
tensive experimentation on a laboratory scale, to 
determine directly from production data how 
changes in process variables affect a response vari- 
able of a quality /cost character that is related in a 
dependent way on these process variables. Labora- 
tory experimentation on a pilot scale often will not 
give a complete picture of a production process. 
Correlation and regression techniques provide a 
system for measuring the effect which the measured 
variables have on finished quality. This is helpful 
in determining control limits for the variables which 
are found to significantly affect quality 


terms of scrap and rework. Three situations can exist “wa ‘wnat Control Chart Analysis 


in a process: (1) the rework and scrap are at rela- 
tively low levels without erratic fluctuations, indicat- 
ing minor if any quality problems; (2) the levels are 
moderately high with occasional peaks, justifying 
reasonable amounts of expenditure on quality im- 
provement; or (3) the level of scrap and rework are 
exceptionally high, justifyir g extensive effort in re- 


ducing the amount of scrap and rework. To provide 


management with information as to when and where 
to exert pressure for quality improvement, the scrap 
and rework should be translated in terms of dollar loss 


attributable to the quality problems 


Nature of the Quality Problem 

After determining that a quality problem does exist, 
the exact nature of the problem must be determined 
Many aircraft plants have “Corrective Action Com- 
mittees” or “Defect Analysis Teams” set up to study 
the nature of defects produced by a process. These 
committees attempt to locate and correct the cause of 
defects, and recommend responsibility charges 
Usually, committee records will give the necessary 
data for analysis of the relative frequency of each of 
the types of defects to be segregated. This facilitates 
correlation of the variables of the process with the 


currence of defective parts 


Causes of Quality Problems 
There ave three factors which affect finished qua- 
lity: (1) raw materials, (2) process variables, and 
}) human element. The major task in determining 
the cause of quality problems is isolating the variables 
vithin these categories which affect finished quality, 
and then establishing control over these variables 
Without the aid of statistical techniques and proce- 
dures, the study and isolation of processing variables 
affecting quality is extremely difficult 
I'he following are a few statistical techniques which 
of value it aidir ; quality control of a chemical 


finishing or heat treating process 


a. Experimental Design and Analysis of Data 
Heat treat or chemical processes are involved 
vith a number of variables which affect finished- 
part quality. In a heat treat process, the various 
rates of heating and cooling, ie., the t mperatures 
ffect the physical quality of processed parts. Parts 
emically processed are affected by the compo- 
ition of the solution in the tanks, in addition to 
time and temperature variables In determining 
the optimum operating levels of these variables and 
control limits within which these variables must be 
maintained in order to assure quality, properly de- 
igned and analyzed experiments are very helpful 
They give measurable assurance of correct conclu- 
sions, with a minimum amount of expenditures. 


A statistical technique effective in evaluating 
significant changes in variables is control chart an- 
alysis. This device facilitates the study of variation 
in raw materials entering a process, the composi- 
tion of chemical processing tanks, changes in heat 
treat cycles, variations in detail parts going into 
sub-assemblies, and other process variables affect- 
ing quality. 


Comparison of Sets of Data 

Process modifications are sometimes attempted 
to reduce costs of operation, and/or improve prod- 
uct quality. A _ statistical technique useful for 
comparing effects of the modification relative to 
the previous process is available through statis- 
tical significance tests. Any difference between two 
procedures as they affect quality can be tested to 
determine if there is an actual difference or a dif- 
ference due primarily to random variations 


Statistical quality control procedures and techniques 
have proven beneficial in aiding process control in many 
industries. The extent of their utility depends on the 
organization for the control of a process and the ability 
to obtain the necessary information for the statistical in- 
vestigations 


Reduced Testing 

Statistics is an effective management tool for reducing 
cost in testing and for controlling the product quality 
level 


1. Reduced Testing, Example 1 
Quality control engineers are familiar with request- 
ing information useful for testing a hypothesis. Equal- 
ly important is the responsibility of recommending 
reduced testing when the expense is not justified, as in 
cases where excessive testing provides no additional 
quality assurance or useful information. Let us con- 
struct two hypothetical cases to illustrate this point 
a. Suppose rolls of bonded structure adhesive are re- 
ceived in approximately 300-ft. lengths and are 
tested for acceptance in several ways, including a 
tensile strength test of strips of metal bonded to- 
gether with the adhesive 
One type, due to peculiarities in manufacturing 
processes, does not give consistent results when 
samples are tested from each end of the roll. Since 
there is a statistically significant difference, and 
very little correlation, both ends are tested to as- 
sure quality 
Now a graph is plotted with both A-end and B- 
end values superimposed on the same chart. It be- 
comes obvious that the A-end, which has the 


*Taken from actual case histories 
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lowest average, is consistently below the B-end in 
individual values. In fact, two out of three rolls 
give lower values for the A-end, while the others 
are relatively close to the B-end values. This in- 
dicates that it is very unlikely for the B-end tests to 
cause rejection of a roll which is of acceptable 
quality by A-end tests. A recommended action is 
now made to eliminate the B-end tests. This will 
reduce testing by one-half, with a small risk in 
quality. 

Suppose lap shear tests are made in clusters of ten 

specimens with the specification based on the aver- 

age of the ten and the low value of the group. 

The ten specimens are a continuous strip of ma- 
terial approximately 8 inches long and % inch wide 
cut from a roll 300 feet long. Obvously the variation 
found in this tested strip is not a good random 
sample of the roll. It is more a measure of testing 
variation. 

It is desired to get information equivalent to that 
now obtained but with less testing. A smalle: 
sample size will have more variation of averages 
from roll to rell but less opportunity to find low 
individual values and will apparently be a poore: 
estimate of quality. 

Suppose the ten test specimens from 242 rolls of 
one type of tape, representing total purchases for 
one year, are chosen for analysis. For each roll, the 
average of the first five tests recorded, the average 
of the second five tests recorded, and the average of 
all ten tests are compared.* Statistical tests of sig- 
nificance are run on the three groups of samples, 
and it is determined that none of the three groups 
differ significantly in either averages or variation 
The differences between the tests approximate a 
normal distribution. This indicates that a sample 
size of five can be substituted for the sample size 
of ten with only a small risk in quality and infor- 
mation. 

Further examination determines that either of 
the two samples of five will fail to meet the specif- 
ication more times than will the sample of ten, and 
will thus be a more critical measure of quality 
Since individual tests fail their specification ap- 
proximately one-half as often as do the averages, 
it is felt that the loss of opportunity for individual 
coupons to fail in the sample size of five is offset 
by the increased severity of the tests of averages 
Suppose we finally note that only once does the 
test of ten show failure which the tests of five do 
not show, and even in this case, one of the samples 
of five did fail. This would enable us to recommend 
a reduction in testing, from ten samples to five 

Evaluation of Processes, Example 2.% 

Evaluation of the process involved in the manufac 
ture of the first few airplanes of a new design presents 
interesting problems. Suppose that hundreds of 
bonded panels, each to be bonded in a different tool, 
are required to make the first airplane. Since these 
panels will be heterogeneous in design and manufac- 
turing methods, they will not, when combined, repre- 
sent a single manufacturing process for which control 
limits or other analysis can be applied with confidence 
Also, it becomes obvious that waiting for several of 


*After the adhesive is cut, randomness requirements are met in 
regards to which small segment of the sample actually is used in 
any one of the ten tests 


tTaken from actual case histories 
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each panel to be bonded before beginning statistical 
control would allow millions of dollars te be spent 
without any benefit from statistics. We are aware 
that tools are often reworked, manufacturing tech- 
niques are improved, designs modified, etc. and that 
these too, will prevent the early formation of a 
homogenous universe. With so many uncontrolled 
(even unknown) variables, a casual relation could 
easily be misinterpreted as correlation 
a. One useful approach would be to plot the test re- 
sults of all panels using one particular adhesive 
and ignoring all other variables. In this case, only 
well defined trends or cycles would be considered 
to be significant. These would be measures of the 
condition of the cleaning solutions and of the 
quality of the adhesive after aging during the 
storage period 
As various panels fail their tests, process analysts 
can begin investigation by determining if the fail- 
ures are reflected in the trend of all panels or il 
they are unique to certain types. This informa 
tion would be a valuable time saver in the early 
phases of the investigation. 
Charts on the acceptance test values of rolls oi 
adhesives can be used to check the vendor’s manu 
facturing process. Suppose a series of panels fails 
and apparently, the only factor they have in com 
mon is that they fail in the same time interval. The 
acceptance chart for adhesives can be used to plot 
the percent of production failures for each roll 
so that acceptance characteristics common to fail 
ing panels can be examined. Suppose in this case 
the charts prove conclusively that no characteristic 
being tested is consistent to the failing panels 
Chemists can then be assigned to search for 
other criteria in the adhesive 
This is an example of how correlation, showiny 
that there is no relationship, provides useful infor 
mation for guiding an investigation in the right 
direction. 


Measure and Report Results to Management 

Statistical programs, like all other programs, must 
be sold to management, and to gain proper recogni 
tion they must be evaluated in terrns readily unde: 
standable to management. Communication to man 
agement is most effective when expressed in dollars 
or man hours. 

Example 1, discussed previously, resulted in th 
reduction of one type of testing by one-half. Thi 
statistic does not describe the amount of saving and 
so should be expressed in other terms. Py using 
furthe: hypothetical data, the cost saving nherent 
in this reduced testing can be measured as shown in 


Table I 


Measuring Resultant Savings 


By reducing the number of test tabs to be pulled fo 
each bonding operation trom ten to five there would 


be a reduction in actual laboratory work of ap 


proximately twenty-three man hours per ship. Ther: 


would also be a similar amount of reduction in actual 
test machine hours 

Suppose the tabulation indicates that there would 
be a savings of 483 man-hours and 483 test-machin« 
hours, at 21 ship sets per month. These figures are 
based on 100 percent efficiency in production proce 
and 100 percent utilization of labor for testing. How 
ever, it is seldom that either of these factors will be 


maximum performance 
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of the C. D. should be entered on shop planning 
paper, opposite the inspection operation, to alert 
the inspector that planning exists and is to be 
followed 


Shop Use of Checking Tools 
(1) The production worker should be provided 
with the same type of instruments (protracto 
micrometer, vernie caliper, testing equipment 
check templates, check forms, etc.) that inspec- 
tion uses to inspect parts. Thus the operator, 
applying in-process checking, assures that parts 
are being manufactured to specifications 
First part inspection often prevents the pro- 
duction of an entire lot of defective parts. Ma- 
chined parts are inspected to assure that the 
machine has been correctly set up. Inspectior 
on a sampling basis shall be continued during 
the remainde of the process to assure that 
parts continue to meet specifications 
The first rt made on form dies is inspected 
to assure that the die meets all required stand- 
rds. When inspection, production, and tooling 
rsonnel are assured that the tool is satisfac- 
the quality control engineer is advised 
mple of 2: more parts, depending on 
he size of the lot, is run for the purpose of 
establishing manufacturing capabilities of the 
tool Close cooperation between the depart- 
nts concerned equired to successfully ac- 
lish this phase of the program. The simple 
technique used in determining machine and 


be discussed fully in an 


tool Caps yilities will 
case study in this section 
By inspecting their own parts, the shop ope 
ators are assured that the machine or tool 
producing good parts This IS quality control 
in its best sense the prevention ol defective 
parts This method reduces rework and scra 
osts and at the same time improves the quality 
I! anufactured parts If tools are found to bh: 
producing defective parts production 
stoppe d and the tool is processed fo rework 
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cing good parts, the measured characte 
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or causing delays in assembly operations. Ad- 

ditional information derived through the use ol 

X and R charts are: 

(1) They indicate if the basic variability of the 
process is such that it is impossible to make 
all the product within the specification 
limits 
They indicate when the need arises for a re- 
view of the specification limits 
They provide information from which the 
process average can be derived This aver- 
age should be at an optimum level designed 
to meet the specification, but at the same 
time hold costs to a minimum 
They can be used to determine the capabili 
ties of machines 
They indicate the presence ol absence 
assignable causes of variation 

But the important function of a control chart 
is to verify either that observed variations are 
random and require no action or to point out th 
time for investigation of non-random or as 
signable causes. The elimination of assignable 
causes, or “bringing a process under control,” is 
responsible for much of the savings resultin 

from statistical quality control. (See Ref. 2-6 

for additional sources of information on_ the 


X and R charts.) 


Case Study of Joggled Parts 

Control chart techniques which can be applied 
to any quality characteristics that are measurable, 
re very useful tools for analysis of manufacturing 


The follow Init 


example is an actual case study of a joggle dimen 


capabilities and process uniformity 


sion having a high cost of rework and causing 
delay in assen bly (See Fig 4.) 
The correction of one process 
meet specification, and eliminate the need 
hand torm operation This not only decreases pro- 
ction costs, but will also improve the quality 
the product 
A san ple size otf 260 was available for this study 
adings were taken on each part at four des 
ignated locations through three processes: punch 
treat, and hand form. A dial indicator 
the height of the joggle 
: list 





Figure 4—Part Studied for the Joggle Dimension 





TABLE !!—Individual Joggle Dimension Measurements of 26 Samples. Four Readings Made on 
Each Part at Designated Locations After Each of Three Processes 


Sample Punch Press Heat Treat Hand Form 
No } 4 


0.073 080 
0.070 076 
0.076 ORS 

0.070 070 0.068 073 

0.074 0.077 0.071 

0.070 0.071 0.070 

0.074 0.077 0.078 

0.074 0.077 0.074 

0.070 0.074 0.072 

0.071 0.074 

0.069 0.071 


0.073 0.071 


~ 


0.070 7 0.071 
0.069 
0.068 
).073 


as) 


0.071 
0.072 
0.073 
0.071 

070 


0.071 


Figure 7a shows by a bar the highest and lowest 


eadings made on parts at each designated location 


irough each process The average variation and 
xtent of variation that can be expected at each 
| ] ? 


is compared i 


o the speciiica 


7b illustrates the relation of h meas- 
to the other three as the part rogresses 

the processes This relation simila 

after punch press and after heat treat but chang: 
after hand form. The purpose of the hand form 
ation is to correct the warping and bring all 
tolerance, but can be seen it 

causes more variation 

5a shows a frequency distribution which 
bi-modal, with two clusters of con- 

itrations. Such a condition may occur through 
chance, but is more likely to ir as the result 
yf different series of data being combined. Fo: 
example, measurements taken in one designated 
location vary considerably from measurements 


another designated locatior One meas- 


Figure S—Joggle Dimension Frequency (A) After Punch Press Operation, (B) After Heat Treat 
Operation, (C) After Hand Form Operation. Four Measurements Each of 26 Samples 


(C) 
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urement from each sample varied 0.066 through 
0.071 inches, and all others varied 0.074 through 
0.084 inches. Figure 7a shows a significant varia- 
tion in measurements taken at different designated 
locations. 

Figure 5b shows no significant change in fre- 
quency distribution shape after heat treat. How- 
ever, more dimensions conform to specification as 
the result of a downward shift in the process 


average. The process average shifted downward a 





little over 0.002 inches after heat treat 


Figure 5c shows the frequency distribution 
104 individual measurements taken on the parts 
through the hand form operation. There is an up- 
ward shift in the process average. This slight 


ge resulted ir 


upward shift in the process ave 


a 
more of the dimensions exceeding the uppe1 


fication limit and fewer exceeding the 


specification limit 
Figure 6 consolidate Ss tne lrequency distributior 
} I to represent tne spread 
d readings. This figure 
he frequency distribu 
lange throug 
processes 
Le SS ¢ he 


to specin 
nir Figure 6—Consolidated Measurements of Joggle Taken After Punch 
r 44.23 Press, Heat Treat and Hand Form 
specification af hez treating comp: 1 , , 
pecifica ' Pp 1 th pread of 0.010 incl allowed | 
or 61.54 percent after hand formin he averag 1. 

: ication le grouping n four 
range ot measu treating 


0.0133 inches campar¢ 0.0087 inch 


hand iorm opera 


number 163919 


expected 

designated I 

This figure shows four separ 
hich indicate that the tool 


0 0686 


0.010 inches 000? 


7 


Range of Joggle Dimension Arranged ‘A) by Each of Four Measurements and (B) by the Three Process Stages 


oF [ee 

= 
LS a jee hee | | 
cece ewes BpSrsnaeeeaal 
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operation, they could be made to meet specification tion,” Z1.3-1942; American Standards Association 
provided the die is designed to center the process Inc., New York 


f 


average of each designated location of measurement to Grant, E. L., Statistical Quality Control, McGraw 
pecification Hill Book Co., Inc., New York, 1952 


Shewhart. W A.. Economic Control of Qual tu of 
Manufactured Products, D. Van Nostrand Co 
(1) MIL-STD-105A; MIL-STD-109; AMC Manual NR- Inc., New York, 1931 
44-22 
Juran, J. M., Quality Control Handbook, McGraw- 
Hill Book Co., Inc., New York, 1951, p. 329-330 1941 


ASTM Manuals on “Quality Control of Materials,’ Shainin, Dorian, “The Hamilton Standard Lot Plot 
American Society for Testing Materials, Phila- Method of Acceptance Sampling by Variables,” 
1951 Industrial Quality Control, Vol. VII, No. 1, July 
can War Standards: “Guide for Quality Con- 1950, p. 15-34 
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Method of Controlling Q iality During Produc- the June issue 
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McClure’s article will be concluded in 


Graphical Diagnosis 


of Interlaboratory 
Test Results 


W. J. YOUDEN 
National Bureau of Standards, Washington, D. C 


Introduction process Considerable saving 
ound robin programs eran an be affected by reducing the marg 
tact mi - — iality level set for production and that calle 


cification. The savings attainable with improved test 


’ procedures are a strong inducement fer the improve 


old prod- : 
r ; . 1 } } 
whether a nent of test procedures Interlaboratory test yrograms 
ve the = f varying degrees of thoroughness are frequently used 


lucer. There establish the performance of existing 
luce! } 


procedures 


Missed Opportunities in Interlaboratory 
Test Programs 


errors of rement associated w h Strangely enough modern statistical tests suc 


procedure is obvious because half the tests mad anaiysis of multifactor studies and the isolatio 

cification will rate the ponents of variance have not made the contribution ex- 
pected of them. Part of this no doubt comes about be- 
cause these more soph sticated statistical tech liques are 


! 
Test Procedures and Production Costs not too well understood by some of those in the labora- 
ustomary to manufacture purposely a product tories that run the tests. It is all very well for someone 
pecification in order to allow for testing with statistical skill to set up an intricate interlaboratory 
er these ting errors, the greater the test program and analyse the data but this still leave 


the problem of interpreting the statistical ! yn to those 
directly concerned. Even when this in rpretation is 
undertaken the report is apt to read somewhat 


ulons 


these lines. “Duplicates run by the san 
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same laboratory show excellent agreement. Agreement 
between different operators in the same laboratories is 
not quite so good, and very poor between results from 
different laboratories. Results on different days do not 
agree as well as those obtained on the same day.” This 
is brief summary of the interpretation that is made 
after the statistical analysis shows that practically all 
the F-tests are significant. Unhappily almost all con- 
cerned were already aware of the state ot affairs just 
described and want to know what can be done to im- 


prove matters It is just here tnat statisticians have not 


risen to the opportunities presented by interlaboratory 
test programs 

When all is said and done, what we want is rathe: 
simple We want to know whether the test procedure as 
set fortn 1S ci pable ol yl lding a ceptable agreement 


among re lifferent laboratories. If the results 


vould like some specific indica- 

ith the procedure If the pro- 

reasonably good but there are 

repancies, we would like to know 

which laboratories are having trouble and if possible 
why they having trouble. And most important we 
should be ; : his information back to the labo- 
a form that the diagnosis is 

ill these laboratories take any 


lifhicuities 


Graphical Representation of Results 


cedure is based upon a very simp! 

am. Samples of two different ma- 

o a number of laboratories 

nake one test on each material. The 

ould be and be reasonably close 

evaluated. This will 

om differential be- 

second pair ol Ssam- 
there are only a 
pairs of results that 

are used to prepare a graph 

ng the custom 


off 


Diagnosis of the Configuration of Points 


into tou! 


Situatior j ranaom 


rate tne points are expected to b 
its. This follows because 

likely In any 

hat has come Oo my attention 
nceentrate in the Ippel ight and 
This means that laboratories tend 
low results o1 


ividual laborato 
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350 400 


Figure 1—Tensile Strength 


biases. There is evidence of tl 

1. The more pronounced this tendency to individ 
bias the greater the departure Irom the expected ci lai 
distribution of points about the intersection f the 
median lines 

Figure 2 show 15 points plotted phthaik 
anhydride determinations on tw int sampl The 


points tend to scatter more or | LOSé a line 


approximate lv bise ing the t right and 


quadrants There is xpect the line 
15 degree angle w I axes when the same 
material 


the 


results ike tho 


; caretul desc! 


pt 
*} 


iS probably 

present form the p1 apparently is ope 

modifications lo have an effect ipon 
rather than the laborato 


ible 

















Figure 2 Percent Phthalic Anhydride 





Double size 


sample 


Laboratory, 


1 


fairly close to one or the other axis. In the latter case, 
the result is fairly good on one material and very bad 
n the other. Examples of such points are found in Fig- 


2 and 3. Often the explanation is simple—a mis- 


points it take in typing, or calculation, or some simple blunder 
that sometimes can be corrected by going back to the 
records. If the same laboratory shows up in such a 
manner on succeeding pairs of materials, this implies 
carelessness on the part of the laboratory. The labora- 
tory can do good work but often does not Occasionally 
laboratory has difficulty with one material and not 
with the other but this is not likely to occur with sim- 
lar materials 
Points in the upper right or lower left quadrants that 
are far removed from the intersection of the median 
ines and that are not near either axis reflect a tendency 
to get either high results on both materials or low re- 
sults on both materials. There are examples in all the 
res. The more consistent a laboratory is in its work 
more likely its point will lie in the proximity of the 
ree line. A point far out along this line suggests 
possibility that the laboratory concerned has intro- 
ced some modification into the test procedure. A labo- 
ory finding itself in this situation should check care- 
the presc ribed procedure for periorming the test 
the assignment d endeavor to locate the cause of the large bias 
@ 25 lehereterion Al f the above interpretation can be made 
anonymous the identity of the plotted points 
irculating a report of the interlaboratory test it 
helpful to circle in red the point belonging to 
laboratory in the copy going to tnat laboratory 
Samples That would save the laboratory from consulting its files 
\ I locate itself and would display prominently just 
‘re the laboratory stood in reference to the whol 
This vivid picturing of a laboratory's positior 
ild stimulate the laboratory to some self examina- 


that could hardly avoid having beneficial results 


Estimating the Precision of the Test Procedure 
above discussion does not exhaust the informa- 
be gleaned from this graphical representation 
s that the two materials are similar i: type and 
in magnitude fi he pi y the disper- 
the suits report 1 for / houl be about 
is the dispersion 
he 45 degree line through 


S makes possible an estimate I the precision | 


the data. Often an interlaboratory test undertakes to dif- 


entiate among the laboratories in respect to precisior 


1 
r 


Not only does this require large numbers of measure- 


laboratory but differences in precisio 
be unimportant in comparison with 
rrors and careless errors. No violence at this stage 
done by assuming about the same precision 
proje the laboratories 

perpendicular distance from each point to the 45 

can be used to form an estimate of the 
estimate of the standard deviation of a single 


is obtained by multiplying the average length of 

the perpendicula y \/2/2 or 1.2533. These perpendic- 

need not be measured on the graph paper. In- 

write d wn for each laboratory the difference 

keeping track of the signs. Call these differ- 

‘ d Calculate d, the algebraic average 

difference. Subtract d from each difference and obtain 

orrected differences d » a d The aver- 

eal to fall of the absolute values of these differences when 
the point multiplied by \/2/2 or 0.886 gives an estimate of the 


standard deviatior 
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TABLE !—-Data and Calculations on Percent Insoluble Residue 
in Cement Reported by 29 Laboratories 





Labor- Percent Residue _= (A—B) — 0.095 
atory ; 


0.09 0.005 
0.04 : 
0.10 

0.07 


0.19 
0.08 


0.14 


0.08 
0.11 
0.16 
0.14 
0.12 





0.14 


! | = 
0.1 02 0.3 0.4 0.5 





) Figure 3—Percent of Insoluble Residue 
U UBo 


0.09 sible for these points ; I inivy have some how 


got 
0.08 


substantial systematic er 1corporated in their tech 
niques. Multiplying th andard deviation obtained 
b Ve by 2.45 gives the it , rcle that 


ala 
Ssnotud 


include 95 percent of the la ato! f individual co 


Stant errors coul 
in Fig. 3. Seven f 
The data on pe: nsoluble residues 1 ee eg we 
laboratories are Table d ni, n Fig. : doubt and were retained in the « 


or , - 3 iminatior sd ( i ; Oo 
There are three pomts far out along the 4 ree aPELESLALLOE nas directed attention t 
} 


excluded from the calculations shown in Table 


column shows th liffe: i between 


and one far out on the y-axis. These¢ orato 


liminished by th lifference betweer 
average, 0.053, shown at the 
7 h I 


t erage of the absolute v: 


a\ 
Multiplying 0.053 by 0.886 


the estimate for the standard deviation of 


result Probably 1 is inflated by 
iaboratorte tu 
A 
This estimate the standa: 
“ads to the construction ol 
rsection ol 1e median lines) 
entage < the points can be 


11 
laboratories be abie to el 





TABLE !l—Probability Table for Circular Normal Distribution 


Percent of the Points Multiple b of the 
Within Circle Standard Deviation 


Figure 4—CaO in Cement (interval equals one percent 





CLARIFIER 


YIELDS MAXIMUM CLEAN, USABLE COOLANT 
WHEN YOU NEED IT...WHERE YOU NEED IT! 


AVAL’S Model 115 Coolant Clarifier is now 
lable on a sturdy, caster-equipped platform 
right up to your grinding and honing 
units, hook up the connections, and you're ready 
to clarify up to 14 gpm of aqueous, oil or vola 
tile coolants to exceptionally high standards 
Besides thoroughly removing all ferrous metal 
particles the De Laval Model | 15 Coolant Clari 
fier centrifuges out all the non-ferrous metal par 
and abrasive grains which are missed by 
ic equipment. Small harmful particles of 
sediment that pass right through filter material 
removed, and there are no filter ele 
ments to replk Solids are removed in a dry 
1 the unit yrelds the maximum amount 


isable cool 


nt 
115 has OV its ability to save you 
saving your coolant. Now available on 
rm {t saves even more, since 
unit can serve many grinding and honing 

erations 

For further information about this new 
ney-Saving installation, or if you would like a 
persor il call from a De Laval Sales f nginecr 
ust drop us a line on your letterhead. No obli 


gation, of course, in either case 


THE DE LAVAL SEPARATOR COMPANY, Dept 

Poughkeepsie, New York 

5724 N. Pulaski, Chicago 46 

DE LAVAL PACIFIC COMPANY, Dept. !QC-5 
1 E. Millbrae Avenue, Millbrae, Calif 


identified by symbols. The hollow symbols show the 
results for the first pair of samples. The corresponding 
solid symbols show the work of these same laboratories 
on a second pair of samples. Few as these data are they 
serve to indicate the things that we want to know about 
the test procedure and about the laboratories. Clear] 
this procedure is one that is vulnerable to individual 
bias. Two of the eight laboratories appear in the sam«e 
region for both pairs. The circle laboratory is very con- 
sistent—and gets the highest results. The square lab- 
ratory gets very low results and is not very precise as 
shown by the fact that the two squares are separated 
by a much greater distance than any of the other seven 
chart some p ssibly helpful sugges- 


be passed ak n 


Discussion 


materials used in 
specified to be sir 
magnitude of the property 
measurement errors are propo 
under measurement and this w 
scatter of the points along 
j samples may 
s. The thors 


onsideration 


equire d to ex 


A thorough 


Summary of Advantages of Graphical Diagnosis 
rl i le-sample, graphic 


a ’ , 
The grapnical procedure creat 


tation of the results in a convincins 
3) No statistical background is req 

easoning and no computations are 
ynstrat the neral presen 
and t! gross deviations 

im of computatior 

collating the results 

a circle ol 
| laboratories whethe 
it the te 


ibstantial « 


out alor 


substant 


substantial proport 
outside the 
Experience has 
few laboratories 
most distant positions 
nedian Improved perforn 
JO lal 


yrratories Ma 


procedure There Is 


in the laboratory 
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Design of 


froma 
statistical viewpoint 


Experiments 
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Seececeeeeeeeeesse 
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Part | 


RICHARD S. BINGHAM, JR. 


The Carborundum Company, Niagara Falls, New York 


Abstract 


plished S ao — , 
a Pee a 1. The Method of Tenacity 


Cally 
positio oO experiment 


meeptl ! riy ip} 1 ail ri- 
" P ‘ . Ss é a ence i Kno 


. Appeal to Higher Authority 


é é Cle {) Vote that 


variable with the 
planning ticipates 
among 
proble r! 

Part 


test 


Method of Intuition 
Oo Once you 


andomization grouping, and 


nterpretation 





statistical However! they influence later statistical 


Preliminary Planning 
part the statistician 


oices. To see this. consider 


The nt I lered may | itlined* f ‘ 
p in planning experimental work 


The Role of The Statistician” 


Statement of Objec 
the statistician takes the expectation of the 
ist and converts it into questions that can be 
ed mathematically. Then statistical tests are selected 
number of experiments necessary [to achieve 
a de scription of 


results advised Finally, 


ange the experiments to maximize 


ition obtained within the experimental and eco- 


, 
I 
ts imposed is prepared. After the tests are 
the Statistician helps the experimenter i 


! 
resuits 


ntal Treatments 
t is to be ti Statistical Principles 


with 


, 
ments anda tests 


1. Certain atistical arrange 
’ to choose others may be wasteful 
» Randomization helps to minimize th 
traneous factors on the experiment 
to proper statistical interpretation 
Replication is used to verify results 
ate of experimental erro1 
idvantage of the 
is as batches 


contrast to the differen 
variation 


n and Analysi Statistical Designs 


An experimental “design” is one of many possibl 
ngements of the factors. Since different designs hav« 
properties ( ich the ability to measure 
response, min f 
) proper se ion for a partic 

careful statement f th m ; aware- 
designs available. * igns” of physical test 
s can be adapted to e' most comp! x 


two to fiv imes as much in- 


you 
tuations, oiten getting 
ight possible irom a gz I nber ol 
statistical designs thought of 


vavs to remove the effect of unknow1 


o otners 


Putting the Principles to Work 


that vour boss calls u 
our ‘ABC’ reaction, I wan v the process 
ement that might occur ‘ increase the 
I lf, (b) increase the mixing alone, or 
if them together. Naturally, I want 
We have four kettles in 


We al 1ave four batches 


only 


TABLE Nature of Test Interpretation Risks 
ve ex! rocess B to give a 10 ton per month 
vement Ove Proce S { 


INDUSTRIAL QUALITY CONTROL 





Data 
(YIELO IN ARBITRARY UNITS) 
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DATA 
Data 


TEMPERATURE TEMPERATURE 


Figure ] 


A—No Change in Yield: B—Mixing Increases Yield: C—Temperature Increases Yield; D—Both Mixing and Tem; 


Step 1—Anticipate The Results 


that the dat 


p edictabl 


seles 


mixing speed nal i and the ett 
‘one-tactor-at-i n approat h is too t 


vhen the fi )} intly. Also, note tha 


choices of M and 


TEMPERATURE 


Factor at a Time Ext rimentation 
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Dara 


TEMPERATURE 


Data 


TEMPERATURE 
T 


T, 


TEMPERATURE 


TEMPERATURE 
Reentorcing Interaction: B—Nullifying Interaction 


ro il 
procea 


Randomizing and Balancing 


for 1 


anaon 


suspected 


eacn ol 


! m numbers 
1. Ther 1 +7 would 
+3 on the second =b6 OT | 


TABLE Ill 


Completely Randomized Design 
One possible assignment of tests to Kettles and Batches 


Batches 
Kettles 


I 


Replication Of The Test 


remperature 


Skeleton Schedule For Performing Tests 


Batches 


troduce more 


Variatl 
ould be held to a 


the pl 


proce 


it sl 


ization 


ral dom 


i r than expe 
will be carl out 
knowledgeable observe! 
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hand to answer questions o1 modify the schedule i edure starts with ; standard squal 
necessary during the actual plant runs.) In some in- arranges at random ; 1 columns and 


stances the plant supervisors may argue that random- rows. Then the positions in the final 


zed tests are uneconomical or will hold up production bered and the test order randomized 


1 
Unless there are other ways to balance the design, a to be tested are those he final square 


decision wil! have to be reached as to whether the value scripts in Table V show the test orde1 ) 
of the information to be gained will exceed the cost Advantages of the latin square in lude 
l. The ability to separate the ef 
Completely Randomized Design anh esteeieie ere 
With a completely randomized layout the combination ' nittir 
of test conditions is selected without regard to kettle o1 


batch number and assigned to kettles and batches com- 
plete ly at random This may be illustrated as follow 


adopt some cony n, such as filling the Kettle-Batch 
amework from left 1 gl top to bottom; put 4 (1) TABLE V—Latin Square Design 
1), 4 (t), and 4 (mt) in a hat; mix well and pull out 
, . Batches 
one at a time record the results in the square 
III shows one set of pos ible results (If to be 
Va\ the test order ild then be randomize 
above.) 


Although this 


the influence 


TABLE |1V—Randomized Block Design 
31 zation of st Kettle 


Hie randor 


Batche 


Batches 


Graeco-Latin 


Batch 


Kettle 
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same reason that the TABLE Vill—Hyper-Graeco-Latin Square* 
ign was discarded, this avant Layout 
example the yield was — 
during the day the tests 
re of the reactants was 
to the sun, then three of 
T,. (1) would show an 
reflect the effects of 
this solely because 
yund the problem is 
n the same man- 
cted. The addi- 
treatment first 
i des gn is called a 
Greek letters were 
of testing). Tabl: 


Gra Latin Squares 


kettle operators 


carried anothe: Treat- 
. ment 
Graeco- Latin Operator 


TABLE Vil—Graeco-Latin Square’ 


Batch 


squares Table VIII-A shows tle te 
each operator runs each treatment once in each 
each kettle with each batch Table VIII-B 
data sheet for the first eight tests ir orde} 
they would be carried out It will 
numbers 1-4 (the first done in each 
the four operators, all the kettles, ons 
and cover each treatment combination 
true for successive groups of four te 

Before examining an actual example, a con 
the variance analysis each of the designs seems 
appropriate to point out the reduction in the error tern 
This is done in Table LX. While fewer degrees of fre 
dom for the error term usually mean lower sensitivit 
when factors such as batches, kettles, and tim: 
have an influence, the more compl x designs becon 
more efficient due to the reduction of the experime ntal 
error sum of squares m. This is not always the case 
and power curves should be consulted in selecting the 
design and the amount of replication necessary. Not 
however, that the Hyper-Graeco-Lati 
requires replication of the square (all ) runs) or 


de pendent error estimate as it h 


Easy way to freedom for erro! 


"Keep Your Finger”’ TABLE 1X—Degrees of Freedom for Each Design in 


Analysis of Variance 


on Quality and Statistical COUNTROL 


rally Counters in your 


Type of Design 


Replace pencil-tallies with Vary 
Variance Due 
- to Differences 
speed up and simplify inspection, attribute sampling, Among 


plant and office. Then you minimize errors and you 


frequency distributions, quality control. Let us show Mixing (M) 
j hor le’ > re Temperature (T 
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Batches 
Kettles 
BOOTH 218 me of Test 
Operator 
Experimental 


Error 
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The Compatibility of 
Value Engineering Analysis 
and Reliability 


RICHARD M. JACOBS 


Radio Corporation of America, Moorestown, N. J.” 


IABILITY are often thought 

a belief predicated on 

is expensive design. In- 
expense is obtained by dem- 
in maintenance, installation equipment specifica 
s which result fr« improved sary functions, mai 
here to dem- ment at minimum 


sometimes be reduced not simply cost re 


versus cost 


same time the 
roved. The m- 
reliability is not a 


Total cost is anothe 
Total cost is mad 


ysis can be and is a tool installation, 
f equipment without ne« ment parts 
aa The converse insta naint 
possible 
yw compatible reliability and 
are, it may prove beneficial 


‘ terms mean to us in the 


Reliability perability, leve 
thought necessa 


defined as the probab lity of success by -product of « 


i equipment to perform its 
» do. This includes the 
equipment 
to operate 
that equip- 
ition include 
maintenance 
engineering 
neat dissipa- 
ore axiomatk 
of each and 


reliability 


f Reduce 


Value Engineering Analysis 


eliability cost is a 


f our industry and 


se ices We are assessing 
necring analy ses are being 


its requirement for 
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Figure 4—Organizational Chart of Missile and Surface 
Radar Engineering 


better instructions on operation 
rice’ 


system operation ar alyses 


some, initial costs will be reduced, in others, such 
vill increase. Where the initial cost is increased, 
must be justified by reductions elsewhere or substan- 


lly improved reliability 


Reliability Program 


At RCA the reliability program has been a manage- 
nt function these past six years. We have instituted 


Figure 5 


various concepts and techniques used in the prediction, 
measuring and evaluating of our equipment reliability 
The organization depends heavily on design reviews,'' 
standardized parts and circuits, feedback of information 
derived from failure reports, and the analyses of the 

echanisms of failure to provide more reliability in ow 
equipment. The reliability program is an integrated 
inction of all divisions of the corporation. All groups 
affecting reliability such as Engineering, Quality Con- 
trol, Purchasing, Standards and Manufacturing are 
epresented and participate in directing the reliability 
program 

The reliability program employed at RCA 


the subject of many other pape: ! hose interested 


il find some ot them referenced Z he end ol this 


' 
rie 


Value Engineering Program 


The value engineering program like the reliability 
depends upon design review and information 
feedback loops. Value engineering, operating as a spe- 
cific effort for little over a year at RCA, is a studied 
and systematic approach to cost reduction 
The approach taken by RCA is vital to the electronic 
industry Second looks and redesigns cost money, take 
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time and are psychological barriers t>» an engineer’s 
effective thinking. We have in our design review pro- 
gram united value engineers, maintenance personnel 
operators and reliability experts as well as design spe- 
cialists. At the design review’s, we give the designe: 
all the pitfalls he should avoid before he starts his 
design. Then, after his sketches and/o1 models are 
finished, his design is reviewed to evaluate his design 
in relation to the function required. After the third 
review, accomplished after complete prototype tests 
the drawings are released for the first time. In othe 
words, the design review program helps the enginee: 
avoid costly engineering changes and field modificatior 
kits 

Figure 1 shows in outline form the steps takea in the 
value improvement program 

Our guides as to how it’s done illustrated in Fig 


Fig. 3 


cables and connect 


f this example show iat the total 
Figure 6 yunted to PS09 Howeve! the cost 
o-rated ove the production 
, nounted to $5030 per unit 
The entire program is integrated by a value engi- ail 
neering council made up ol all working department idering 
epresentatives including Purchasing, Quality Control 
Manufacturing, and Engineering. Each working depart- 


ment has organized a team which includes responsible, 


onnectors 


A noted 


decision-making personnel from those activities havir 


cognizance over major cost elements 


Engineering Organization 


An organization chart showing the 
groups of an engineering section is 


Reliability can be improved by 


analyses when the analyses bring to light situations 
not to the best interest f the customer! Son Example 2: Is There Another Method? 


vhich are 
of thes« ituations may b 
a. Over designed structures 
b. Under desig 
Highly stressed co! 
i. Non-essential refin 
Extra functions duplicated el 


Drawing inconsistencies 


Compatibility 


; 


na tnese tw 


Example 1: “Over Flexible 


The in lesign 1 a large, ground radar systen 
permitted a high degree of flexibility in the placement 
yf the physical components of the system. Cable ducts 
were used throughout the design and interconnecting 
cables were used between the sections. The length of 
these cables could Vary depending on the need How- a id M é ( now i embly 


the production units of this svstem were subse - nig r, I avail bil | replacement parts 
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Example 5: A Planned Program 


A complete system underwent a val 
analysis 


the 


ie Improvement 
A program was set up with the knowledge of 


basic manufacturing cost accurately based on five 


years of prior production on the unit. A cost reduction 
goal was established by marketing considerations at 20 
percent 


The pi efforts of 


bers, actually reduced costs 19.8 percent 


oh 


ogram, Bn 


throu the the team 
The estimated 
cost of the analysis was $20,500 (estimated because som« 


tea 


mem- 


members were not direct labor and the best esti- 

of the time used by these members are 
estimates of time). Even though 

high, each dollar spent in the program 

f the equipment by $11.40 


Due to changes in the 


nates from thei: 


own $?0.500 


sounds 


reduced the cost 


state-of-the-art, 
evaluation 
be 


the customs 
1 a design the equipment, 
the new unit would n eliabl and th 
ore valuable 


Duri 


to the 


services 


Lo 
& 


the analysis 
simplified 
thermistors, diodes, 
included 


many 


components vere € 


Examples of the I 
] 


arts eliminated 
nclude spacers am sleeving. § D- 


toggl 


titutions relays, transformers and 
witches 


These prog: 


programs 


to improve the reliability and value 
nalyze the equipment are not confined to one 
a: venture. The 
comps of VE and reliability 


what the other gro 


Zroup a 
is a corporate two examples ( 


tibility 


show 
dication of 


n below are 
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racks or cabinets for 


in the 


section 1s produc ing 
the 
R&D stage ground 


ind RF shielding through silver-plated berylliun 


nee! devised his wiring f 


copper sp! ing-finger stock. Later, in the produc tlor 
idopted but the sprin 
They retained t 
One of 
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design, ground wiring was 
fingers were not removed were 
provide RF shielding for tl 
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Figure 9—Standard Material Cost vs Number of Tubes 
cost data coded 
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curiosity and persistence brought about a saving of patible with the military requirements of increased reli 
$122.00 per system. Engineering changes to draw- ability for the service’s equipment 
ings , cost $100.00. Therefore, on the total pro- It should be noted that all value engineering analyses 
duction run a saving of over $12,100 was made do not result in a cost reduction or a reliability im- 
possible provement. The purpose of this article has been to indi- 
This value analysis not only reduced costs, but cate that value engineering and reliability are not in 
reduced the maintenance required on this system conflict with each other as has been generally supposed 
Because of their location, frequent breakage of the 


spring-fingers occurre -d and they required repair in 


The value of reliability is a most important item, and 
is the primary characteristic that is considered in RCA’s 


alue improvement program 
field, since the service man was not aware that or | : 


even all fingers would not be harmful 
» in this large ground equipment 16 identi- References 
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Control 


Charts 
Without 


Calculations 


Some Modifications 
and 


Some Extensions 


PAUL C. CLIFFORD 


State Teachers College, Montclair, N. J 


Abstract mn rfi response estimation and so forth. In 
lustrial procedure I would suggest 
ast four aspects: engineering, eco- 
psychological. Just because the sta- 

ct is the easiest to evaluate, we tend to 


. — 
statistical efficiency and lose sight of the 


presented here have advantages 
not based on arguments regard 
Rather this is a report on several 
nce which h 


charts have a wide ar 


las confirmed 
iis area is definable as 
require more than first pie 
less than three factor designed experi- 
not propose thi these should replace 
My belief is that there is no universally 
proper one will depend the process 
t con n | nnel, and the type of in n 1 and the 
d deviatior nportal of the problem 
A second l 
rtain sorts Control Charts Using Individuals in Sub-Groups 
usefulness I 
measures for tl To facilitate comparison with the usual chart I have 
little considera- taken an example from Grant‘! page 18. I shall not 
re sented the eprod ice the data, for in the proposed procedure, no 
he theory in ecord forn sed. Rather the readings in each sub- 
presented in roup are plotted directly, the five points being plotted 
rocedure of Ott ilong ‘al 1e segment as shown in Fig. 1. For 
one should use rather coarse graph papel with 
squares, since for most characteristics 10 to 30 
risti f an inits of measurement cover the range of variation 
statistic computed encountered. We now proceed to change this plot of 
individuals to a control chart 
of control problems for which The first step is to indicate the median of each sam- 
engineer needs an extensive kit of ple, which we have done here with a circle. Next, using 
technique Operationally the problems run from first a reference card, the individual ranges are measured 
piece inspection and equipment set-up inspection to To do this the bottom edge of the card is placed at the 
multiple factor experiments designed to discover well lowest reading of the subgroup, and a mark is recorded 
concealed cau of trouble. Statistically we have a opposite the largest reading in the same sub-group 
battery vols ranging from distribution analysis and Having marked the 20 ranges on the card (shown on 


control charts to regression analysis, analysis of ri the right of Fig. 1), we count down to the middle mark. 
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This gives us the median range. While it is sometimes 
necessary to interpolate, it is usually better to be con- 
servative. so we take the median range as 5. We next 
look up the factors for the control limits on the range 


a = 
These are in the appendix as D, and D,. In this 
case D, 
of 10.5 
outside 


given 
This gives a range control limit 
that three 


equals 2.179 
The 
this 
shown on the 


index card shows 
limit. We make a range control rod as 
right, with the median and the 
maximum range indicated. We then locate these three 
sub-groups that are out of control and circle them as 
shown on the chart 


ranges are 


range 


Next we draw Here we 
may use either the median of the sub-group medians 01 

The numbe: 
With only 20 
of the indi- 


oc 


in this example is 33.5. We 


in a center line on the chart 
the median of the individual observations 
criteria 

sub-groups it is better to take the 
vidual observations which 


of subgroups is the deciding 


mediat 


medians which for 
multiplied by the 


9 


range gives a product of approximately 3.5 


factor for 


This factor 


then look up the A 
5 is 0.712 median 


Control 


n 


drawn at this distance on 
Sub-sg 12 and 


limits are sides 
18 } j 


nave medals 


both 
center line 


roups 


are outside these control 


In a process that is so badly out of control there is not 
This has been 


Dividing th 


much use in adding limits for individuals 


done here just to illustrate the procedure 


median range by 


\ 
f 
I 


the d. factor for n 5 gives an esti- 
or individuals of 2.2. Multiplying this 
Control limits for 
individuals can be drawn at this distance on either sid 
of the central line. These 


orn ‘ 
These are our ates ol! 
f 


mate of sigma 


result by 3 gives a product of 6.6 
and +0 


control 
process Cz 


’ ' 
sta of control can be n 


At this point it might be pointed out that the usual 
analysis as given in Grant arrives at essentially the same 
result. However, to do three re- 


computations as out of < 


this requires two o1 
ontrol 
. : : : 
Such procedures tend to make the novic 


results are discards 


: : , "3 . 
keeps at it long enough he will discard all 
ws 
We may 


process actually produ 


overall measure 
We could Or ¢ 


frequency distribution of individuals and find the mean 


and standard deviation of this distribution. Howeve1 


such accuracy is s¢ 


, 
dom needed. We alread Nave 30.0 


as a measure of center. What is needed is a measure of 
variability which includes the five 

out of control cond 
count in 7 observations f: 
the 7 and the 93 percentile 
are 28 and 38.5 Taking one third of 


difference (the correct multiplying factor is 0.3388) 


respectively 


an overall standard deviation of 3.5 as a 


measu 








Figure | 


process achievement. If we compare this overall stand 


ard deviation to the estimate of the within group var 


iability (3.5/ 2.2) we find that the variation in the proc- 


is approximately 60 percent more than we woul 


have if the process could be controlled 
Finally, it seems to me that control charts should be 


summarized before 


the above data 
merely the 


history. Let us assume that 
unit—production, time o1 
raph sheet. It « 


some end of 


n be summarized as follows 


Ave rave 
Process C; pability 
Process Achievement 


it ol control 


f } 
oF control 


Evaluation and Criticism of the Median 
Sub-Group Chart 


veral definite advantages that might 
rithmetic inv 
iminated 


and the R median are not 


control data, recomputa 


id control limits 


he mediar 
4. Since individual 


livid are plotted it Is po sible 
show 


both control limits and specification limits 
capability and 


ake. The cl 


vations on 


to then 


agian and 
distributior The 


normal distribution 
the effix 


e become embarrassed by ancient 
repres¢ nts 


a 





range inc! For distributions readings were recorded on the chart, but have not been 

long tail uch as the Tukey dis- shown here. Samples 2 and 4 are out of control on the 

nedian i 1e more efficient median. The cause turned out to be the method of 
neouiation charging plus a defective electronic control. Samplk 
r pean number 2 is also out of control on the range. Both the 
high and the low readings were investigated. It was dis- 
covered that the same wire was sampled on samples 2 
12, 13, and 16, the readings being 4.5, 5.0, 4.5 and 6. It 
appears that this wire is giving unusually low readings 


T 


ntaminated 
cause appeared to be a defective dic 


] 


} 
procedure 
. f 


ne 
This example is given to indicate the type of applica- 


ion. I have found this most useful in analysis of 
tiple spindle machines, filling operations 


ls, batch sampling with stratification 


Control Charts for Skewed Distributions 


outside r cor The distribution of the median is approximately 
in produ 1 W nal moderately skewed distributions. Fo1 
skewed the data is sometimes transformed by 
ygarithms. This same result can be accomplished grap] 
ically by plotting the individual readings on semi-lo; 
paper. Figure 3 an example tak« 
Cowden.‘'”' The individual items are plotted the 
f each sub-group is circled, a 
neasu -ed ising a reference 
is then found by 
is just less tl 


ale. This dista 


Figure 3 


2.179 and 


il in conti 


Control Charts for Sub-Groups, Two Way 
Classification 


listancs wl *n laid off iror 
individua 
lart for ay 
al points \ I control S 
handles this pre blem by 
nt 


rvation, and making a co 


1 data Thi 


F 


.—_—+—_—_—_+>—_ wo —_~ ep _ 


by the proposed 
readings, plus three 
- 
p actically 


Control Charts for Individual Observations 


some applications, especial tne process ind 


re is no rational way fo1 b-grouping the da 


. 


¢ 





applications it may | ne i San ple ol 
, , han one is not justified economically. Fis 


Figure 2 test results on a ni 
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overlay is then shifted up and down vertically The 
number of runs above and below the median must be 
watched carefully. After several trials we find that there 
appear to be three different levels or batches, as is in- 
dicated on the chart. We cannot guarantee that the 
batches terminate where the chart indicates they do 
However if we can adjust the process to compensate 
for difference in batches, we have the approximate place 
to make the change. One test result on sample numbe 





24 is a “wild shot” and should be investigated or the 


material set aside 


The use of any gadget. such as the plastic overlay is 





difficult to describe and easy to demonstrate. There is 


of course the criticism that one does not have exact 
' 


probability levels for such an eye test. The same is true 


Figure 4 . 
of any similar procedure, such as fitting a line to cumu- 
lative data on probability paper. Moreover I know of 

no exact statistical method for segregating batches such 
ae found by measuring is we have atte mpted hers I can state that the actual 
lhe median range is 3.5 industrial ication was successful, but I cannot deny 


ive to shifts in ave rage that I may have been fortunate However the same pro 


These are obtained cedure is very iseful when vy know that there are 


by d. of 0.954 and mul- definite batches 
ontrol limits of + 7.5. The 
an easily see that Multiple Control Charts on Individual Observations 
control Examination of 
eithe: ycle or a shift in Control charts on individual observations 
would ha il cially useful when several different characteristics 
lor eacn sample Since the characteri 
ne below the other, it is easy to ke 
n Pat te risti ~ i heet 


proce 





| List of Short Courses in Quality Control 
Usual Time 


Course is Held Type of Course Where Held Course Director 


February Basic University of Illinois, Urbana, II] J. A. Henry 


February Basic Michigan State, Lansing, Mich W. D. Baten 
June 8-19, 1959 Basic Marquette University, Milwaukee, Wis Gayle McElrath 
Advanced Purdue University, Lafayette, Ind I. W. Burr 


June 
June Basic (Chem. Ind Rochester Institute of Technology, Rochester, N. Y. R. D. Pease 
versity of Michigan, Ann Arbor, Mich r Wesk 
TAPPI Statistics Confer S. Renne 
TAPPI Statisti ‘onfe1 S. Rennet 
University of Oklahoma, Norman, Okla L. Huntington 


North Carolina State ( 


University of Michigan, Ann Arbor, Micl C. C. Craig 
1959 Basic U.C.L.A., Los Angeles, Calif Edward Coleman 
14, 1959 Adva! U.C.L.A., Los Angeles, Calif Edward Coleman 
Aug.-Sept Basic University of Connecticut, Storrs, Conn R. M. Story 
September Basic Washington University, St. Louis, Mo D. J. Kaufman 
September Advanced Rutgers University, New Brunswick, N. J M. E. Wescott, E. R. Ott 
September Basic University of Mississippi, Oxford, Miss Gayle McElrath 
October Basic State University of Iowa, Iowa City, Iowa L. A. Knowler 


October Basic (Graphic Arts) Rochester Institute of Technology, Rochester, N. Y._ R. D. Pease 














vo final product characteristics are ana- (4) Grant, E. L., Statistical Quality Control, McGraw- 
t It pos ible to observe not only Hill. New York (1952) 
in individual characteristics on 


es of two (5) tide r, Paul, “The Midrange of a Sample as an Esti- 
liscus- mator of the Population Midrange,” ASA Journal 


02, 1957, 937-542 


6) Hastings, C., Mosteller, F., Tukey, J. W., and Win- 
sor, C. P.,. “Low Moments for Smail Samples,” An- 
nals of Mathematical Statistics 18, 1947 p. 413-426 


(7) Godwin, H. J., “Some Low Moments of Order Sta- 
tistics,” Annals of Mathematical Statistics ) 1949 


p. 279-285 


an they hav 8) Dixon and Massey, Introduction to Statistical Anal- 
take a good honest ysis, McGraw-Hill, New York (1957) 


that there are any 


My question 


Mathematical Appendix 


Unfortunately there is no standard set of symbols fon 
dians and midranges. The symbols used here hav 
ye advantage—the formulae for median and midrangé 
harts are similar to the standard one for X and R 

harts. The symbols are defined as follows 


median of parent univers 


median of sub-group 


midrange of sub-group 


median of all individu 


median 


} 
lan 


median 


Estimates 


ations V1 
ited Sx ne 
of control proble ms have 


' 1 1 
nave been used 1n a Val 


puted from 


Factors for Median and Midrange Charts Using Median Range 
Normal Distribution Theory 


, row -Limit ' »19 9 » 994 

Vol. X, No. 5 .| oo 

1954 ‘i 
0.712 


0.562 5¢ 4 : 0 


Dorian, *ha Cont | Without Charts : 5 - 0.520 5: 26 5 0.078 
S rT ple ite ‘ 4 us Lit > t- ‘o t ©) , 
Sim Effectis Qua Pre-Control, apa os nits 


ASQC Quality C: re onvention Papers, 1954, p 32: 0.419 5: 0.187 
105-417 0.369 2 0.227 
" ‘ 
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A Variables 
Sampling 
Plan 


for acceptance of 


punched mica holes 


LEWIS GARLICK, JR. 


Westinghouse Electric Corporation, Bath, N. Y 


Introduction 


Described in tl irticle is an exam 
sampling plan which resulted in lows 


and bette jua VY é irance 


Problem 


One problem confronting manufacturers of 
tubes is inspection of holes punched in the piece 
which are used position the tube nents 

. three 


, ; , — 0.001 
cathode and grids of the tubs These elements are usu- mica hole sl ¢ . an 0.0005 ine 
0.0005 


ticular importance is the fi f » mica h 
lem h 
ally round. However, a “round” mica hole as punched :, 

viously, the fir vo are W ss of the 
is not trul yund because of shattering of the mi - ‘ - 
" 0.001158 inches. T! hird specificatic +().09005 inc 


es is shown in Fic, } The measuremen node ta ti a total nat i f 0.001 


cess CAD: 


around the hole. The resulting hole is irregular in shaps 


’ 1 , , that the: S i ry 
minimum cross-sectional diam r i rregular!] ane igh okies pres" 
s} aped h le The met} 0 ] | I »| op t both above and be 1OW 
haped hol he method m ring tl ole : 
. r cation iimits whe! I product nte! 
fairly slow so that it is impractical use a sampling a 


plan as large as is alled for in t » MIL-STD-105A 


ing tables 


incation bog 


, 
tion plan, tl 


However, in dey ing the inspec 


, at givin prote ion agall i ith havin 
pection plan used in the receiving tube : : tet laVIN§ 
; ; ’ ’ a proportion ol 
industry fo nched mica holes 1s a sequential Sal * . 


in AQL of 10 percent and an LTPD 


this plan is shown in Table I 


ing too Nil ap portion ol 


ing 


as not very sSatisiactory bec use the 


able and a lower AQL w 


readings ol 


in cont 


i 


Figure 1—Ourtline of Punched Mica Hole 
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Chart Showing Basis of Calculations for Acceptance 
Limit of X 


specification limits 


noving of the product 
cation limits, so that 
s either too large or 
yperational characteristics 


Therefore, one sided risks 


THE NEW VERSATILE 
NON - DESTRUCTIVE 
COATING - THICKNESS 
TESTER 


Unit Process Assemblies, Inc, pioneers in non-destructive testing and specialists in 
electronics for metal finishing, offer their latest DERMITRON D-2 with these features 
@ Measures plated 


coatings on steel, Brass. copper. zinc die-cast. aluminum 


bronze and other metals; also che! on steel @ Measures anodize and 
hard-coat on aluminum and magnesium, also, paint, porcelain, organic coat 
ngs On non ferrous metals. @ Measures metal coatings on plastics, ceramics 
and other mon-metaiiic materials @ Available with FOUR measuring probes 
@ Only ‘s 


Girect 


for extra-wide thickness ranges from thin to thick deposits 


circle area required for measurement @ You get fast. accurate 


readings. p versatility and portability @ Sorts metais and alloys 


Write for iztest brochure and questionnaire to help solve your thickness testing problems 


UNIT PROCESS ASSEMBLIES, INC. 


6! East Fourth Street + New York 3. 6. Y 











were used in the calculation of the operating character- 
istics of the sampling plan. 

The method for calculating the acceptance limits fo1 
(See Fig 
the situation at the low side of specs.) 


sample averages is as follows. 2 to visualize 


0.000193 
0.000061 inches 
V10 
Normal deviate t for AQL of 6 1.555 
Normal deviate t for 95°% Lot 
Lot 1.645 


AQL 


acceptance ol 


Min. Acc. Limit Spec. Min 1.645 ox 


Spec. Min (1.555) (0.000193) 
1.645) (0.000061) 
Spec. Min 


0.00038 — 0.0001 


Spec. Min 0.0002 


Acc. Limit Spec. Max 1.555 oy 1.645 ox 


Spec. Max 0.0603 0.0001 


Spec. Max 0.0002 


In other words, the average hole size for a sample of ten 
micas can be no closer than 0.0002 inches to the specifi- 
cation limits 

The LTPD for this sampling plan 


0.10 as follows (see Fig. 3) 


, ’ 
IS Caiculated 


risk of 6 
Normal deviate t for 10 lot acceptance 1.282 


Distance of X to limit 0.0002 (1.282) (0.000061) 


0.0002 0.000078 


0.000122 inches 


0.000122 


Normai deviate, X to lim 
0.000193 


Percent below t 0.632, i.e.. LTPD 


The plan then accomplished its purpose of | 
and less inspection cost without 


LTPD 


SPEC. MINIM mm | 








, 
/0% 


Chart Showing Basis of Calculation for LTPD 


Figure 3 
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JONES & LAMSON 
OPTICAL COMPARATORS 


bial Maal-laMm dale Mal -1-1° 1-3 
Fale Maal Ceislisl- miele] mt 


already paying for it 


This is what you should demand 
in an Optical Comparator 


Optical inspection and measuring equip- 
ment offers fast operation, extreme accuracy 
and tremendous versatility. When buying a 
comparator, be sure you get these benefits: 
1. Specifically designed projection lens system 
not just an adaptation of other types of lenses 


2. Ball 
tables 


ind roll type supported measuring 
they offer top speed and accuracy 
3. Table assemblies so designed that simple 
changes can be made in your own plant 

You can change a basic comparison machine 
over to one for universal measuring applica- 


tions, at low cost 


l'ape Controlled Machines 


4. Measuring facilities that offer direct read 
ings without computation 

You save a lot of time, minimize human error, 
assure accuracy 
5. Solid mechanical design throughout 
You can’t inspect anything very accurately 
if it’s moving 

Jones & Lamson Optical Comparators and 
Measuring Machines give you all these fea 
tures, plus many more. They are explained in 
Write for a copy 


detail in our new catalog 


today. Jones & Lamson Machine Company, 


lo £ linton Street, Springfield, Vermont 





YOU GET EXTRA CARE ON UNITED AIR LINES 


LARGEST AIRLINE WEATHER CENTER 


CHARTS BEST-WEATHER ROUTES FOR YOU 


thest path for your on-time arrival. 
1e past five years United Air 
ween studying the best high- 
veteran Captain altitude routes soon on 
Douglas DC-8 Jet Mainliners®.” When 
vou fly United, the regular fare buys extra 


extra comfort, United has the 

ie weather center, 

ng us posted at all times as to where 
~ for your travel 


Ire in every way. 


|UNITED/ 


INDUSTRIAL QUALITY CONTROL 




















“Certified Maintenance” Service for 
Jones & Lamson Optical Comparators 


Owners of J & L Optical Comparators now have a means of assuring 


that their equipment is maintained in top operating condition. 


A new service offered by Jones & Lamson J & L Certified Mainte- 
om. nance Service provides for the regular inspection, check- 
] a 
Se. ing and maintenance of J & L Optical Comparators on a 


quarterly basis, in those areas served by J & L district offices. 


Under the terms of the policy agreement issued by J & L, 
expert comparator technicians will make thorough inspec- 
tions of J & L Optical Comparators in customers’ plants, 

during which essential cleaning, alignment, check of 
accuracy, replacement (labor) of worn parts, and me- 


chanical adjustments will be performed. 


In addition to providing expert, specialized Com- 
parator service that is otherwise unavailable at any 
price, J&L “Certified Maintenance” Service pro- 

vides a written, dated certificate of precision for each com- 

parator after inspection has been completed. This certificate 

will fulfill all government specifications for written certifica- 


tion on ‘‘gages’’ used on government contract work. 


Details of this new J & L maintenance plan are 
available from any J&L district office, or by 


writing direct. 


JONES f LAMSO MACHINE COMPANY 
OPTICAL COMPARATOR DIVISION 


JONES & LAMSON MACHINE COMPANY - 510 CLINTON STREET + SPRINGFIELD, VERMONT 
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Check Angles Quickly and Precisely with the New 


AMEs oy PN Ms ad -) eV ic] ied «| od 


ANGLE CHECK, a new dial type measuring instrument, offers you a 
fast, inexpensive and extremely accurate method for checking all 
types of angular parts. 

ANGLE CHECK is available in two models: Model V for vertical work 
and Model H for horizontal. Either model will accommodate any 
AMES 200 Series back. Contact blades can be specified in various 
shapes and lengths to meet your exact requirements. 


Built to give long, trouble-free service, ANGLE CHECK will save 


hours in checking predetermined angles 
shapes. Set ANGLE CHECK to master, protractor or sine bar 

The contact blade can be set simply and quickly without tools to 
’ under the indicator hand. 


/ 


on simple and intricate 


a predetermined angle with the dial “0 
A range of 10°—from 5° minus to 5° plus 
obtained. ANGLE CHECK is accurate to 5’. Write today for complet 


in increments of 5‘ can be 


information. 
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plus: 


1. Automatic Decimals: you set all numbers... add, multiply, sub- 
xact or divide automatically around a single decimal point. 

2. Multi-factor Multiplication: return the transfer slide and the last 
elgexeltral becomes the next multiplier. 

3. ‘Memory Dials’’ Accumylation: products are accumutated avto- 
matically in the “Memory Dials” while the results of individual problems 
appear in another dial. Quotients can be accumulated in one dial while 
individual quotients appear in another. 


4. Selective Division: you can divide directly into the “Memory Dials” 
for super-fast averages or the determination of Standard Deviation. 


5. Automatic Carriage Positioning: following a multiplication, the 
carriage automatically positions itself, decimally correct for addition 
ela oligelailoun 
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1. Automatic Decimals: you set all numbers... add, multiply, sub- 
tract or divide automatically around a single decimal point. 


2: Multi-factor Multiplication: return the transfer slide and the last 
product becomes the next multiplier. 


3. ‘“‘Memory Dials’’ Accumulation: products are accumulatapauto- 

matically in the “Memory Dials” while the results of individual problems 

appear in another dial. Quotients can be accumulated in one dial while 
‘individual quotients appear in another. 


4. Selective Division: you can divide directly into the ‘Memory Dials” 
for super-fast averages or the determination of Standard Deviation. 


5. Automatic Carriage Positioning: following a multiplication, the 
carriage automatically positions itself, decinfally correct for addition 
or subfraction. 
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ol program. A summary of the 2. Ott, Ellis R., “Statistical Quality 
Control,” Transactions of the 
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Summary of 34 Roting Form Replies 


Weighted ratings” of the following 10 important functions (01 

‘dients) of a Total Quality Cortrol plant program by employees 
» main) New Jersey industry, are given in II. The 34 em- 
ployees are also graduate students in Applied and Mathematical 
Statistics at Rutgers and currently registered for Stat 586 (Inter- 
pretation of Data). The employees classify their company positions 
as (primarily) 


— 


Research and Development 
Quality Control Engineers 
Quality Control Chemists 
Industrial Engineers 
Mathematical Statistician 


Production Superviso 


ompany’s Quality Control fur 

ratings as follows: Very good 

serious attention 0. Ratings of the 
Control Functions throughout the companies represented 


34 employees were as follows 


lity Control Function 
product evaluation (quality as 
Routine process 


Incoming inspection 


Management's q ality control sciousness 


Research and development 

Process improvement (t ouble-shooting) 
Feedback system of information 

Quality Control consciousness 

Use of Quality Control feedback system 
Evaluating cost of poor quality 


Note: Some of these resuits were quite unexrpected, a 
] ; 


least to the author. And if indeed, for example, the “Use 
| ‘rants no higher rati 


d in our several companies, then 


21 : 
tion should be given to improve the 


ompanies as having 4 of these functions as 

Very Good 

rsons rated thei: ompantt as having: 3 of thes functions as 
Very Good 

rsons rated their companies as having: 2 of these functions as 
Ve ry Good 

‘rsons rated their ompanies as having: 1 of these functions as 
Very Good 

rsons rated thei: companies as having: 0 of thes functions as 


Very Good 
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CLEVELAND INTERVIEWS MAY 
during the ASQC Convention 


For appointment, please call 
Mr. John Pinkston of the 
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Apparatus Division 
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You will find Dallas hospitable and attractive for family living, with fine 
cultural, recreational and educational facilities available. Advanced per- 
sonnel policies include profit-sharing, company paid retirement, educational 
assistance and insurance plans. You will work in a modern plant near fine 
residential areas, schools and places of worship. 


Mr. John Pinkston 


Mr. H. C. Laur 
Apparatus Division 


Semiconductor-Components Division 
TEXAS INSTRUMENTS 
INCORPORATED 


6000 Lemmon Avenue, Dallas 9, Texas 
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Applied to Inspection 


Part! 


N. BARRY 


control programs (primarily to enable us to comply with 
government specifications), we have begun to use some 
iutomatic gaging equipment (often only because the 
age manufacturer’s salesman did a terrific selling job) 
nd have forced ourselves to become more familiar 
with statistical methods, even though the mathematics 
nd terms used often taxed our patience 


we e 


It is possible 
that many of the improvements instituted were primarily 


yf outside forces acting on us rather than be- 


pecause ¢ 


i uSs¢ o! 


inner drives to improve our jobs, and even so 
the progress has been substantial 
Now, what can we gain by taking cost 
heart and shaking it around like a dog old 
ye? First of all, I believe, we should } considering 
the problem as one of profit improvement, instead of cost 
reduction 


reduction to 


+ 


rips at an 


e 
vou and I can see a greater correlation be- 
tween company profits and our pay checks than we can 
between and our checks. In other we 
make a really significant contribution to our companies’ 
profits, 


costs if 


Ww ords. 


we can visualize recognition of this achievement 


tl ay envelope 


he } In addition, all of us are working 
toward 


i the highest job in management our talents will 
allow, and if our areas of responsibility show good plan- 
ning and organization, we have additional chips in the 
promotion game 


4 


With the idea in mind of contributing to company prof- 
its, let us now take a look at applying work simplification 
to our everyday methods and see what it can accomplish 

us. First of all, a goal is needed 


» ol 


is 


I will go out on a 
limb and predict that if you seriously apply work simpli- 
fication techniques, inspection expense can be reduced 

least 30 percent. Furthermore, some of the exasperat- 
ing daily problems such as employee grievances arising 
from difficult jobs or working conditions, inter-depart- 
ment squabbles caused by inspection delays, and man- 
agement beratings for poor inspection and high costs, will 
be reduced significantly. To be able to measure the prog- 
ress of your program, some records of inspection costs 
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Accuracy measured in millionths of an inch, made 
visible to the human eye. Stee! balls, the heart of 
New Departure precision ball bearings, held to 5 
millionths of an inch or less in sphericity. Graph at left 
shows sphericity variation of a ball on the order of 
one millionth of an inch (.000001") measured by 
Talyrond Machine. Graph radial divisions are .OOOOT. 





PORTRAIT 
of PRECISION ! 


A mechanism is only as accurate and reliable as the bearings sup 


porting its moving parts. For the designer the problem is how to 
achieve the essential rigidity or accuracy of location, yet be assured 


of extreme freedom of rotation. 


A “tip-off” to the solution lies in the chart above—super-precise 
steel balls, the heart of New Departure precision ball bearings. For, 
with balls held to 5 millionths of an inch or less out-of-roundness and 
other bearing parts finished with comparable care, such bearings can 
be mounted and preloaded to provide the hairsplitting exactness of 
location and ease of rotation required of the finest precision instruments 


The extreme accuracy of New Departure 
ball bearing component parts is now In 
playing a vital role in successful missiles measured in the millionths of an inch are virtually the rule. And, this 
for the Army, Navy and Air Force. Above | New . 
is why more and more New Departure ball bearings are specified 
typical bearing parts, less separator . 
unretouched photograph 


today’s missile and atomic sub guidance systems, tolerances 


for ultra precise inertial guidance, as well as other vital applications 


DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 
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and criteria of } ess are necessary If this data is not 
now available an be obtained from the accounting 
group in your company 

Now this all sounds pretty good”, you say, “but how 
do we do it 

Well, work simplification is nothing more than the 
organized appl cation of common sense to find easier and 
better ways loing work. Therefore, we 
equipped for this job without any training in 
algebra or whi have you, since the only tool 
and we all have ple nty of thi 


common sen 


How to Simplify Inspection Work 


A. Pick Inspection Operation or Procedure to be Simplified 
In choosing a job to be sin pl fied, look over the depart- 
lect one inspection operation which is par- 
iblesome AS al example, a job which 1S 
1ing and hence acts as a “bottleneck” to 
one which frequently comes to your atten- 
behind schedule might offer room for 
not only from the inspection time and cost 
nt, but might reduce the pressure the production 
it applies on you as a supervisor. If you have 
yperations which involve considerable gage 
nake ready” and “put away” time) or jobs 
which have considerable material handling required to 
accomplish tne quality checks, these also would be good 
candidates for simplification 
Ir hoosing the i ial job 
nportant to consider the human relations 


procedure on which to 


n changes you may make. The inspecto! 
doing the work can be helpful in establishing a good work 
implincation climate’, however, if the person involved 


tends to be uncooperative or argumentative, your pro- 


Vacations are just around the corner 


SHUT-DOWN 
PERIODS | 


Rust-Lick 606 assures positive protection 


Rust-Lick 606 Moisture absorbing 
rust preventive mist 

* spray on wet or dry surfaces 

* will not dry or require removal 
Available in: 12 o2. spray cans (12 cans Cc 


per carton with tr.gger spray 
handle) 


5 gol. pails with fog moker = 


sproy unit 


30 gal. drums with spray q 
gun and CO. cartridges CJ 


BE SAFE. ORDER NOW FROM YOUR LOCAL INDUSTRIAL SUPPLIER, 
IF NOT AVAILABLE LOCALLY — WIRE US. 


RUST-LICK, INCORPORATED 


755 Boylston Street + Boston 16, Massachusetts 
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gram may start off on the wrong foot and obtain publicity 
vith the other inspectors which makes future work even 
more difficult. In this respect, many cases have shown 
that your program will be successful in direct proportion 
to the quality of your communications with the affected 
employees. A meeting with all of your employees prio: 
to the start of the program at which you outline the 
reasons for the program, and more important, how it can 
benefit them through reduced fatigue, easier work load 


due to less complex operations, etc. can be of immeasura- 


ble benefit 


B. Eliminate the Operation or Break the Job Down 


Now we are ready to dig into the operation itself for 
areas of simplification. Pull together all the pertinent 
dope on the operation In question—prints, previous expe- 
rience charts, operation instructions, samples of good 
and bad parts, and any other material which will heip 
complete the picture. First of all we should determine 
whether the entire operation can be eliminated or not. In 
many instances you will discover that work is being done 
which duplicates an inspection in another department 
I can heat you saying to yourself, “Boy, how stupid doe Ss 
this guy think we are?” Well, I think you are all sharp 
fellows but I'll bet my next check against an old Landon 
button that this duplication occurs in your plant, too 

If the job cannot be eliminated in its entirety, then we 
must analyze it part by part. At this stage of the game 
help should be obtained from your methods department 
if you are not familiar with analysis of work elements 


flow diagrams, etc 


STEP i—List the Work Elements 


List in detail all the individual p 
job, such as 
1. Inspector removes casting from tote pan 
in checking fixture. T2180 
Inspector moves height gage No. G6820 from 


‘ 


position (see work place sketch) to part 


3. Etc 


STEP li—List the Equipment Used 

Provide a list of all gages, setting block, flats, bench 
centers, etc. used including work benches, chairs or other 
quipment used by the inspecto1 


STEP I1i—Flow Diagrams and Sketches 

Make a flow diagram (if applicable) material 
as it travels to and from the inspection station and not 
iny unusual material handling such as long moves, addi- 
t onal pic k ups, etc Draw upa sketch ol the ac tual work 
place showing location of raw and finished stock, position 
of gages and other equipment used, etc. This sketch 
should be in sufficient detail so that an unfamiliar person 
could completely reproduce the work place accurately 


if given the sketch and the equipment 


STEP IV—Discuss Job With Inspector 

In the previously mentioned steps, many opportunities 
for discussing the work with the inspector doing the job 
will arise 
already obtained and clarify any questions you may have 


At this point, summarize and filter his ideas 


him. If the inspector has given you information you 
vish to check, make these checks with him, if possible 
by asking him to show you the conditions he has men- 
tioned. Much of the success of the entire project will 
depend on how well his ideas, thoughts and gripes are 
woven into the fabric of the simplified job, hence, th: 
workers active cooperation is an asset of the first 
n agnitude 

Mr. Barry's article will b 
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OUALITY ..a@ corporate philosophy 


At Houdaille, guality is more than a word in our trademark. It is the one 
aX PRO, basic ingredient in thousands of diversified products of our manufacturing 
PAS &, and construction materials plants 
3 mA & o 
HOUDAILLE In every market we serve, the name “Houdaille” has long been recognized 
4.» Le as a synonym for product quality. And constant research into new materials 
7 < and new manufacturing techniques gives assurance to our customers 
that these rigid standards of quality will be maintained . and improved 
wherever possible. 


4 ~= 
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HOUDAILLE MANUFACTURING UNITS 


BUFFALO HYDRAULICS DIVISION) [Pi iful 
Hydraulic and vibration-control product 
marine and general industrial applicatio 
DETROIT DIVISION Defroit, Michiga: 
Automobile fender panels, meta tamping 
FAIRMOUNT TOOL & FORGING, INC. ( 
Carbon and alloy steel hand tools 
HUNTINGTON DIVISION) §$ [uitingt 
Automobile bumpers and hangers 
MACON ARMS DIVISION 
Naval ordnance product 
MANZEL DIVISION /?) 
Force feed lubricator } lical iu y pump 
Factory-authorized autom« vice tools and equipment 
WALES-STRIPPIT, INC. i } eu ort » thgate, Le lige 
Punching and notching die sheet metal fabricating ea lipment 
STRIPPIT TOOL & MACHINE COMPANY  P?iaiipton, Ontario, Canad 
Punching and notching dies, sheet metal fabricating equipment 
HOUDAILLE INDUSTRIES LTD. Oshawa, Ont 
Automobile bumpers, bumper guards an 
PROVINCIAL ENGINEERING LTD. Niaga 


Power transmission towers, cranes and 


HOUDAILLE CONSTRUCTION MATERIALS UNITS 


BUFFALO CRUSHED STONE CORP. Pomwima 
Crushed stone, bituminous concrete, concrete pipe, pre 

GRAVEL PRODUCTS DIVISION 

OF BUFFALO CRUSHED STONE CORP. [Puiu 
Sand, gravel, ready mix concrete concrete pipe 

HOUDAILLE CONSTRUCTION MATERIALS, INC Headquarte) 
Operating units located at Bound Brook, Eatontown, Millington, 
Heights, Oldwick, Summit, Kenvil, Riverdale, Lakewood, Carpente 
West Urange, Hanover, Newton, Sussex and Oxford i New Jersey: 
Portland, Stockertown and Stroudsburg in Pen 


Sand, gravel, crushed stone, fill 


ready-mix concrete 


R. H. WRIGHT, INC. Ff 


Ten production unit 


Asphalt and concret 


ready mixed concre 


FLUTTER DAMPERS 


aircraft at Houdaille’s 
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Practical Aids 


ELLIS R. OTT, Editor 


Rutgers @ The State University, 77 Hamilton Street, New Brunswick, N. J. 


Control Board 


Measures and 


Displays 
Contact Quality 


HAROLD HOFFMANN 


Cannon Electric Company, Los Angeles, Calif. 


Permits Quality Control at the Machine by Operator 


Testing the engaging and separation force of socket 
contacts for electrical connectors is facilitated by means 
of a Contact Control Board, The Control Board permits 
the machine operator to make a periodic check on the 
performance of her machine, and gives a_ physical 
model of the distribution curve of the work being 
performed. Thus, any need for adjustments are pre- 
sented visually 

The Contact Control Board, as used at Cannon, is used 
to test the degree of crimp placed in the beryllium cop- 
per springs of connector socket contacts by a Clip Press 
machine, but the procedure is general and can be 
adapted to many applications 

The Control Board shows, in a highly graphic presen- 
tation, not only whether a test sample is deviating from 
the norm but exactly how much and in what manner it 
is deviating. It is used by the machine operator to 
perform a periodic check on the functioning of he: 
own machine, and also, at less frequent intervals, by 
the inspector. To both operator and inspector it con- 
veys a clear and verifiable picture of the test sample’s 
distribution, without requiring any paper work, calcula- 
tions, or interpretation of data 


The System In Operation 


Once every 15 minutes, the operator stops her ma- 
chine in order to check a sample of her work. Using 
the last 5 contacts she has turned out as her sample, 
she checks the (engaging end) inside diameter of each 
of these socket contacts, and makes a record using the 
Contact Control Board for this purpose. (See Fig. 1.) 
At the base of the board are nine precision-machined 
steel pins. These pins, numbered from 1 to 9, vary 
slightly in diameter in accordance with the acceptable 
limits for the inside diameter of the contact engaging 
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Figure 1—Contact Control Board 


end. The smallest-diameter pin is at the left (No. 1) 
and each succeeding pin increases in diameter by 0.001 
inch. 


The operator must find the largest-diameter pin overt 
which the socket contact will fall by its own weight 
The contact is then placed in a hole in line with that 
pin and at the same time assumes the number of that 
pin; e.g., a contact that will fall freely over a number 5 
pin but not over a number 6 pin is classified as a num- 
ber 5 socket and placed in a hole above the number 5 
pin. The operator tries the center pin (No. 5) first, 
since this one has the highest probability of being a 
proper fit. If the contact does not drop over the No. 5 pin 
by its own weight, she tries the next pin to the left 
(No. 4), which is smaller, and continues to try each 
succeeding pin to the left until she finds one which will 
accept the socket contact. She then places this contact 
in a hole in the board directly above this pin, using the 
uppermost hole available in the column of holes above 
the pin. 


If the contact drops over the No. 5 pin, the operator 
then tries each succeeding pin to the right until she 
finds one which will not accept the contact. She then 
moves back to the previous pin (the largest one which 
will allow the contact to fall over it by its own weight), 
and places the contact in the uppermost hole above this 


pin. The process is repeated for each of the 5 contacts 


tested. 


Every 15 minutes the operator repeats this process 
with 5 more contacts, leaving the contacts which she had 
previously checked on the board. At the end of an 
hour’s work, 20 contacts are distributed on the board 
At this time the inspector checks 5 randomly selected 
contacts from the work just completed, and adds these 
to the 20 already on the board. Also the inspector may, 
if he wishes, re-check any of the contacts which the 
operator has placed on the board (in this way it is easy 
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to check on the possibility of an operator’s bias at any 
time) 

There wiil now be a total of 25 contacts on the board 
The pattern in which they are arranged (see Fig. 1) 
gives a direct representation of the distribution curve 
for this sample 


Evaluating the Sample on the Board 


The center pin (No. 5) represents the ideal situation 
The column of holes over it is painted dark green. The 
next two pins in either direction (Numbers 3, 4, 6, and 7) 
represent acceptable tolerance values. The columns of 
holes above these pins are painted light green, to 
indicate acceptability. 

The next pins to the left and right (numbers 2 and 8) 
represent values at the limits of tolerance. The columns 
of holes above these are painted in amber, a warning 
color. If one contact falls in the amber area, the opera- 
tor calls her leadman to adjust the machine, but the 
work is not rejected. If two contacts fall in this area, 
either on the No. 2 or No. 8 side, the work performed 
since the last inspection period is set aside for furthe: 
checking. 

The outside pins (numbers 1 and 9) represent out-of- 
tolerance values. The columns of holes above these pins 
are painted red. If even one contact falls in this area 
the leadman is summoned. The leadman determines the 
reason for the out-of-tolerance part, and makes the 
necessary adjustments to correct the entire operation 
The parts which were made since the last inspection 
period are segregated so that the operator may check 
them further and rework them if necessary 

The inspector makes a record of each hour’s perform- 
ance as shown in the distribution of the 25 contacts on 


the board (the operator never uses a pencil in her 
checking). Then the inspector dumps the contacts from 
the board into the tote can with the rest of the finished 
work, and another inspection period begins 


Physical Description of Control Board 


The board is of wooden construction with its face 
raised 45 degrees from the base. This face consists of 
135 holes in 9 columns, 15 holes per column. 

Each column is identified by a distinctive color and 
number. Each color column extends from the top of the 
face to the vertical edge of the base. Near the vertical 
edge of the base, nine precision-ground steel pins are 
mounted. Starting with the left-hand pin, each suc- 
ceeding pin increases in size by 0.001 inch. The number 
1 pin is the smallest pin, and the number 9 is the 


largest 
Appendix 


Our purpose in using this Control Board at Cannon is 
to help the operator adjust her process to keep it on 
“target”, with as little variation as possible, by the aid 
of this simple device. The standard deviation of this 
particular process has been determined to be essentially 
0.001 inches. Consequently, each column of holes repre- 
sents essentially a change of one-sigma; the red columns 
at the end correspond to points outside 3 o limits 

If in a manufacturing process the purpose is not to 
control the process as closely to a target as possible but 
to hold it within specification limits which are appre- 
ciably greater than 6 o, the board can be modified in 
much the way that modified limits are used on a control 
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baling top-quality hay rich in feed value 





A New Holland Super Hayliner 78 speeds down windrows, 


UALITY CONTROL PROTECTS THE FARMER 


At New Holland, farm machines 
prove themselves in the field. 


When hay is ready, for instance, 
farmers must make it fast and 
sure with dependable equipment 
They can’t afford lost time in the 
field due to machine break-downs 


Quality control in the produc 
tion of New Holland balers and 
other grassland farming equip 
ment gives farmers this dependa 
bility—in machines that do their 
job fast and well 


NEW HOLLAND MACHINE COMPANY 


“First in Grassland Farming” 


New Holland, Pennsylvania 
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ALLENTOWN-BETHLEHEM fir annual Sth Dis BATTLE CREEK-KALAMAZOO I). Baten, Mich 
triet All- Dav Confe . vas a P s both financialls yan State University, presented a ery fine lecture and 
f nut rhe conferences lemonstration with examples of Acceptance sampling bv 
| Participating ariables.’’ This whole presentation was spent in solving 
hlehem (host Danville-Sun sampling problems. Dr. Baten is statistician for the Agricul 
Philadelphia, Lans tural Experimental Station at the University and is also 
Book Reviews Editor for ** Indu ial Quality Control.’’ 
Rutgers «© The Dr. Aubrey Wylie of Michig: tate University assiste 
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ern Eleetrie Co ly Baten in th section sponsore: ) co e held earlier 


Harrisburg, 


partment ind Professor t . Vea 
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The above picture shows part of the group which made the recent 5th 
District All-Day Conference held in Allentown such a great success 
Those shown are: (front row, left to right) Rev. Arthur M. Sherman 
Church of the Mediator; Miss Bonnie B. Small, Western Electric Co 
Mayor Donald V. Hock: Mrs. Catherine Hock, U. S. Naval Gun Fac 
tory; (back row, left to right) Prof. Wallace Richardson, Lehigh Uni 
versity; C. E. Fisher, Bell Telephone Laboratories: David L. Hilder 
Western Electric Co.; Dr. Ellis R. Ott, Rutgers * The State University 
Prof. Arthur F. Gould, Lehigh University; conference chairman John 
Nemecek, Western Electric Co 
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CHATTANOOGA Three section members—. ; ; John L. Worthham of 
DuPont; W. H. Corwin, Brock Candy: 8. F. ' J D. Maulden of Will 


Pip rave a first hand account of what QC is 
ne DELAWARE The March 


at the March meeting ;. 
an after dinner addtess by 


tr 
No formal program is scheduled for the summer 


Wis 


Lehigh University. Prof 


CINCINNATI. On Mar. 18 our dinner guest speaker Paul sampling,’’ where and how 
Daniel of the Ed Brendamoor Sporting Goods Co. gave an industry, and son 
uteresting talk and demonstration on all forms of fly rod in analyzing the 
casting and spinning techniques At the technical meeiing Prior to dinner, . Ke ard of the DuPont 
ter in the evening, L. K. Reitz of Eastman Kodak Co, spoke lepartment, conducted 0 0 clini iH 
Fundamental applications of Q¢ n the chemical in ‘* Regression analysis— desig une ise study 
DENVER . The Mar, 26 meetir was held ; 
embers and ives toured the newest and most Public Library rhree film ‘ ‘ shown « 


i-Col tottling Plant here in Cincinnati ipplications at the New Departure Bearings 


ee eee a a EVANSVILLE-OWENSBORO A ver 
ie nual | esentation ) ore tthe ome m 4 the Mat 17 


bore 
etric 


or quali it the 
helk i Milwaukee 
GREATER DETROIT 
CORNING-ELMIRA The seetion wishes to express its chairman, spoke on ‘ 
thanks to Prof. Pau Clifford, Montelair State Teachers 
t ‘Control charts without ealcula 
Mar. 10 at the Hotel Langwell 
10 member ind’ guests, Prot 
ontrol charts 


in American 


DALLAS-FORT WORTH ... we agnin 
na highl cessful yinposiul This svymposi 


than OU), 


One of the highlights of the recent 2nd Annual Automotive Division's 

Conference was the paper presented by B. |. Raysor, general manufac 

turing manager, Harrison Radiator Div.. GMC. Fran Newton of the 

Ford Motor Co. is shown congratulating Mr. Raysor (right) for his fine 

talk on ‘The High Cost of Goofing.”’ This conference was cosponsored 
by the Greater Detroit section 
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YOUR QUALITY PROGRAM 


Keeping your employees forever aware of the need for quality pays off 
in improved plant performance 


Elliott's round-the-clock approach makes sense—strikes a responsive 
chord in even the most indifferent employee 


Colorful, dramatic HI-VISION displays cover all the problem areas of 
quality including: 


©@ Customer Satisfaction @ Skill and Care 
® Accuracy ®@ Reliability 
® Job Security @ Waste and Rejects 


®@ Craftsmanship © Competition 


ELLIOTT SERVICE COMPANY, MOUNT VERNON, N. Y. 


SOS SS SSS SSS SSSSSSSSSSESSSSSESSESSSEEEEEEEEEEEEEEEEEEEEE: 
Elliott Service Company, Inc 

Department 5, Mount Vernon, N. Y 

Please provide me, without obligation, further informa 


Colorful sam 
ples are yours 
without obli 
gation. Sim tion and multi-color samples of your Hi-Vision Quality 
ply fill out Program 

Name 

Title 

Firm 
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City Zone State 
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PONTIAC NAMED CAR-OF-THE-YEAR |... 


“Pontiac with wide-track wheels 
iS the best combination of ride... 


handling ... performance and 


7 


Styling Of ANY 99 Carr: non 4 


Motor Trend Magazine 











In making its annual automotive award, the staff of Motor Trend 


Mawvazit leading automotive pul lication, tests and evaluates all 


new cars. Here ar quotations from the April 19 

“The stability of the 1959 Pontiac is the outstanding auto- 
motive advance of the year. Everyone considering a new 
car should experience it.” 

“it's the best balanced passenger car in America. We 
firmly believe that in moving the wheels farther apart, to 
develop the widest stance of any American car, Pontiac has 
created an entirely new sense of balance and handling security.” 


“Pontiac's lines are clean, simple and beautiful. It has a 


fleet lovk, a trim appearance. The wide wheel design contrib- 





utes greatly to its over-all integrated styling. Any comparison 
with narrower track cars readily shows the difference.” 

“For the economy-minded, an efficient new engine. The 
new 420E Tempest economy engine offers remarkable per- 


THE ONLY CAR WITH WIDE-TRACK WHEELS 


ating on regular grade gasoline.” Wheels are five inches farther apart. This widens 


formance along with exceptionally high mileage while oper- 


“Pontiac is again tops in performance, based on our ex- oy 1." - 

‘ griy the road, hugs t 
tensive road testing. Acceleration is outstanding, yet the ’ ind lean disapt 
engine is unusually quiet and smooth.” 


This high acclaim and important award from Motor Trend is 


nother of the many exclusive selling advantages enjoyed by 
Pontiac dealers PONTIAC MOTOR DIVISION ¢ GENERAL MOTORS CORPORATION 


PONTIAC | America’s Number @ Road Car 
s 3 Totally New Series « Catalina « Star Chief « Bonneville 
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WiLLIAM C. VISSING 

Just two months ago it was our pleasure to announce 
the election of William C. Vissing of the Indianapolis 
section to the grade of Fellow. This month we must 
regretfully report Mr. Vissing’s sudden and untimely 
death on April 5 

Bill was graduated from Michigan State University 
in 1946, receiving a BS. degree in chemical engineer- 
ing. He was head of the pharmaceutical inspection 
control department, Eli Lilly and Co., and had been 
employed with the company for 12 years. He became 
interested in the activities of quality control and our 
Society in 1952. He was very active in the administra 
tion of the In lianapolis section and the Society Since 
that time, serving in various capacities including that 
of director of the Society in 1957-58 

The section and the Society feel a very per onal lo 
at his untimely passing. Our sincere expressions of 
sympathy go to Bill’s wife and fine children 
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THE FIRST HOURS OF TOMORROW 


In what area of medical science will to 
morrow’s big ‘‘breakthrough” come? Vir 
ology? Coronary and renal disease? Men 
tal health? 
For the past 2 ( we've watched re 
search roll back one problem area after 
another. But research is already projecting 
today’s accomplishments into tomorrow 
benefit 


expect medicai progress to con 


research recognizes today 


Division of Merck & Co, Inc 


MERCK SHARP & DOHME mOo) 


“Research for the Conservation of Life” 
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PHOENIX The March eeting was held at e Ar 
Public Service Building. Gene Schwetz spoke on Q 
tatistical analyses as related to found: practi His ts 
was followed by a mo on vibration testing 


The section is progressing with its plans for hosting 


MID-HUDSON ' » dinne eting eld Western Regional QC Conference in October, The agenda 


; i , hh e with ember ind peakers, their talks, and compan lisplays ve every indi 


if 


ition Oo an outstanding 


PITTSFIELD... William Carter, ind ial consultant, was 
ninar leader of the afternoon-eve iy session held Mar. 11 
it the Stanley Club The subject of the seminar was ‘* Pract 
cal management of a QC progra 
An inter-relationship between QU and othe lepartm 
manufacturing organization was Mr 
ind the attendees rime wh devotec to detini ry ti 


MINNESOTA ? awveat . ' . Ti? : { functioning of Qt with design 


Y awun . aio ; rneat st ' etion control, industrial engineering, pure 


lations, production, and manag 
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PORTLAND rhe installation of officers ill take 
at the final meeting of the season to be held at the 
Members 


ested in the congenial itmosphere of free beer 


Lager Tap Room in Vaneouver on June 2 


MONTREAL 
‘ | nite ld attend fo e purpose of supporting the new office 


ction has mo members now than ever 


but there are duties for eh and ¢ 


the annual ‘* Ladies Night’’ so 


ing their better-half 


RHODE ISLAND Charles A. Bicking, The Carborundu 


guest speaker at the Mar 0 meeting. H subject 
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Quality Control Begins with 
Research and Deveiopment 


Through the statistical approach to quality 
control and progressive development, Johns- 
Manville has zealously maintained its repu- 
tation for quality. 


J-M Asbestos Mill World’s Largest 


As evidence of this research and development 

Johns-Manville announced late in 1954 the 
dedication of wha{would be .he world’s larg- 
est asbestos mill. Ih fact, this mill when only 
half completed was the largest in the world 
It is now completed and in full operation. 


Illustrated here is the mill building located at 
the J-M Jeffrey Mine at Asbestos, Canada. 


Through rigid quality control and the most 
modern equipment for the milling of high 
juality asbestos fibres, Johns-Manville is 
meeting the increasing demands for the 
higher grades constantly required for new 
product developments for both home and 
industry. 


Providing a production capacity of 625,000 tons annually, this 
recently completed asbestos mill provides twenty-two and one half 
acres of floor area, is 12 stories high 


Johns-Manville 


22 EAST 40TH STREET NEW YORK 16, N.Y. 
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THIS MAN HOLDS THE REINS ON A RAINBOW 


Fast-growing use of colored aluminum in automotive trim and architecture imposes a dual 
responsibility on the men of Alcoa’s Research and Development Laboratories. At the same 
time they create an ever-broadening color spectrum they also set up the controls necessary to 


ensure uniformity. 


Established with the aid of the aluminum industry’s finest testing facilities and translated daily 
into shop practice, adherence to these color control procedures makes the ten-thousandth 


part a mate for the first. This is industrial quality contro! at its best. 
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Your Guide to the Best 
in Aluminum Value 
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Call to Authors 
The 6th National Symposium on Reliability and 
Quality Control, jointly sponsored by ASQC, IRE, and 
AIEE, will be held Jan. 11-13, 1960 at the Hotel Statler, 
Washington, D. C. Authors desiring to submit papers 
for presentation at the symposium must submit ab- 
stracts by June 15, 1959 
All abstracts submitted must consist ol 
1. Title of paper—limited to 50 letters including spaces 
2. Author's name, position, company or military affili- 
ation. (Where paper is joint work, indicate who 
would present the paper.) 
3. Abstract—limited to two (2) pages, approximately 
800 words or less 
4. Ten (10) copies for review circulation use by the 
committee 
5. Abstract will be prime reason for final paper selec- 
tions. Indicate: new approach, success achieved, 
confirmation of theory 
6. Ten (10) copies of biographical sketch of each 
author or speaker 
Notification to authors as to status of acceptance will 
take place during the week of July 20. By Sept. 14 
detailed instructions will be sent to authors and final 
papers must be submitted by Oct. 15 
Max M. Tall 
50 Flamingo Street 
Leavittown, Pennsylvania 
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Orlando-Cape Canaveral Section and Cape Canaveral Reliability-Quality Control Club Hold Joint Meeting 


The joint meeting of the Orlando-Cape Canaveral section 
of ASQC and the Cape Canaveral Reliability-Quality Control 
Club was held at the Patrick AFB Officers Club on Feb. 12 
An excellent dinner was served buffet style and approximate- 
ly 140 well fed, contented members and guests settled back 
to listen to the evening's program. Dr. Benson introduced the 
chairmen of the respective organizations—Jack Kidwell of 
the ASQC section, Martin-Orlando: and Phil Betts of the 
Cape Club, Bell Labs. They in turn introduced their officers 


and committee chairmen 


The ASQC educational program, beginning Feb. 25. was 
announced by Betty Crocker. Tom Willey, vice president and 
general manager of Martin Cocoa Division key -noted the 
program 


The fe: 
1 


spoke on th Human component relative to space travel 


speaker was General Don Fleckinger who 
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The tremendous success of the joint meeting was a tribute 
toward the hard work of those who participated in its or- 


ganization. 


Here are the main participants of the joint meeting. Left to right— 
Tom Willey, Brig. General Fleckinger, Phil Betts, and Jack Kidwell 
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LEADERS. © 


in production ftacilities and 
skill ...to serve you better! 


Throughout the automotive, aviation and many other. manu- 
facturing industries, the Saginaw "S” stands for superior research, 
engineering and production ability. “Quality in quantity” is the 
keynote of these fine components we produce by the millions: 


SAGINAW POWER’ STEERING « SAGINAW b/b SCREWS « 
SAGINAW b/b SPLINES « MANUAL STEERING GEARS « 
LINKAGE PARTS « SUSPENSION PARTS « TRANSMISSION 
PARTS « GEARSHIFT CONTROLS « TURN SIGNAL SWITCHES 
e PROPELLER SHAFTS « UNIVERSAL JOINTS « HYDRAULIC 


ROTARY VALVE CONTROL MECHANISMS and many others 
PRECISION POWER 


STEERING SYSTEM 


Now & GREAT PLANTS TO 
ASSURE YOU SUPERIOR SERVICE 


= SS = 


a - 
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STEERING GEAR DIVISION 


General Motors Corporation + Saginaw, Michigan 
WORLD'S LARGEST BUILDERS OF PO'VER AND MANUAL STEERING GEARS, BALL BEARING SCREWS AND SPLINES 
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ROHR MAKES MORE 
STRUCTURAL COMPONENTS 


FOR AMERICA’S 
AIRPLANE BUILDERS 
THAN ANYONE ELSE 
IN THE WORLD 


From flap tracks to fuselage sections, to jet power pods, Rohr makes 
major components for most of America’s leading commercial 

and military planes. With more than 16,000 people . . . with very special / 
experience and equipment . . . Rohr builds components better, F 
faster, at less cost for such famous aircraft manufacturers as Boei 
Convair, Douglas, Lockheed, McDonnell and North Americay’ 
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retary ‘Walt’ Dibblee, al lego APD 
‘*Bob’’ Knight, Rvan Aircraft Corp. We are su 


’ ; ee : ; ; > 
capability and determination and ve wish them eve! “ul WILEY BOOKS 
‘ 


SOUTHERN CONNECTICUT . The section ry happil 


hung up the 8.R.O. sign (standing room only) at its Mare} 
ieeting held at the Treadw: I . Norwalk, Attendances 
a po Neem Me as pons Ph. pp ree vien a the — _ee OPERATIONS RESEARCH 
was C. G. Shelly, DoALL Co. Mr. Shelly, who is a wel 


known scientist, presented ‘‘The Story of the Cutting Edge’’ Methods and Problems 
and used a 43 foot panorama with his talk to dramaticall) 


pace those attending through a million years of progress, by MAURICE W. SASIENI, Case Institute of Technology; 

which without a doubt made a lasting impression on all ARTHUR YASPAN, Standard Oil Co.; and LAWRENCE 

Everyone attending came away from this program with ; FRIEDMAN, M & M’s Candies. A really basic text in the 
better understanding of the part we QC men play in keeping “; : . . 

methodologies of Operations Research. Mathematics is the 

watchword here. Theory and techniques are illustrated in 

SOUTH TEXAS J. L. Coburn presented a very interest solutions of many problems—preduction scheduling, in- 


ing talk with graphic presentations at the Mar. 11 meeting 














America competitive in this, the new space age, 


His topie was ‘‘ Quick and easy QC for small manufacturing ventory control, purcha ing, maintenance, merchandi ing, 


ompanies, ’’ finance, etc. Linear programming is given a clearer treat 
ment than in most books. 

STATE UNIVERSITY OF IOWA . The winter meeting 

was held during March at Galesburg. Evervone enjoved a 1959. 316 pages. Prob. $9.50 


fine tour and operations discussion of the Midwest Manufac 


turing Corp 

R A is and L. B. Crawford, Admiral Corp, quality ELEMENTARY DECISION THEORY 
managers, gave excellent slide illustrated talks on their Q¢ 
proes dures in television and communications equipment mat by HERMAN CHERNOFF, Stanford | niversity, and LIN- 
ufacturing COLN E. MOSES, Stanford University School of Medicine. 


) (. C. Craig of the Universitv of Michig: presented . . s 
De nin 0 a gree pits The first really basic book built around the theme of de- 


1 thought provoking talk on a simple sequential variable oy 
sampling proceduré cision theory. Because many books are now so far out- 


The next meeting will be held : he State University ot dated, the authors concentrate on what is new: 1) sta- 


lowa on June 4-5, Dr. L. A. Knowler and his able assistants tistics is shown clearly as the science of decision making 
will present ‘“MIL-STD-414: theory and applications This 


will also be the annual election of officers meeting 


under uncertainty; 2) fresh examples explain various prob- 
lems; 3) included is a chapter on utility theory, vital in 
TENNESSEL . At the Mar. 19 meeting plans were laid economics and statistics. Many new ideas are presented 

for many of the coming year ’s activities. Important among clearly 


and all are summarized at the ends of chapters. 
these was the decision to form a subsection in the Nashville 


area with the hope that eventually a new section will be 1959. 364 pages. Illustrated. Prob. $7.50 
established ther 
The section wishes to acknowledge the fine work of 


former ‘members in establishing the new Northeast Ten | SAMPLING INSPECTION TABLES 


nessee section and to offer our best wishes for the future 


Prof. Bob LaForge presented a talk on ** Acceptance san Single and Double Sampling, Second Edition 


pling’’ at the Chattanooga All-Dav Conference recentl 
The section is proud of six of its members who recent by HAROLD F. DODGE, Rutgers University, and HARRY 
were advanced to the grade of senior member. They ar: G. ROMIG, Hoffman. Electronics Corp. A vastly revised, 


Hershel Buchanan, Morristown; Earnest Freudenthal, Nas} : “ie 
lle; William Herrgen, Gallatin; Shirley Mackey, Knox improved edition of this classic, including tables for sam 


ind Erie Johnson and Roberta MeCutehen, Oak Ridge pling all kinds of products. This edition contains the 


. - . probability of acceptance curves called “operating char 
UCSO . P. Gideos ughes Aircraft Co 
* The professy nal quality engineer’’ at the Mar 


acteristics;” material on destructive inspection: forms for 
Mr. Gideon, chairman of the District 16 profs onal statistical analyses and for control on the plant floor 


ted a plan for awarding certificates in the fie 


committee, discussed the results o he ekg Pay 1959. 224 pages. $8.00 


major universities similar to award 


Sate aan Geet cine aoe bee D al I om THE ANALYSIS OF STRAIGHT 


indhieated hat (yt hould not be " 


ing applications sinee about 1/6 of the Society membershi LINE DATA 


doin engi ring 


cmiaan Wh ste <othgaced Ss : by FORMAN S. ACTON, Princeton University. For the 
Apocns. ¢ ae een reader who needs an orientation on the philosophy of 


choosing a statistical model and its influence on subseque ni 





analysis. In short. this book deals with the analysis of 
Chemical Division News experimental data that can be described in terms of a linear 
relationship Stress is on matching the method of analysis 
to the kind of information desired. and the influence of the 


The Division met in St. Louis on Feb. 20-21. A full 
quorum was present. A committee, headed by Dr. C 
T. Shewell, was appointed to review the publication assumed model on the success of the analysis. Short-cut 
policy of the Division now that Technometrics ha computational techniques are stressed 
) Sal | a an t 0 | « j t 
coon ely launched and to recommen i futur 1959. 267 pages. iMustrated. $9.00 
yO1IC 

The annual meeting of the Division will be held in SEND NOW FOR YOUR ON-APPROVAL COPIES 
Cleveland during the Convention on Monday night 
Details will be in C. D. News and will also be a: 





nounced at the Convention 
The “Statistical methods for process development JOHN WILEY SONS Inc 
| & 7] . 


course will be held at the University of Chicago June 
15-25 Instructors will be Dr. G. E. P. Box, Dr. J. 5S 440—A4th AVENUE, NEW YORK 16, N.Y. 


Hunter, and Dr. W. G. Cochran 
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) STATISTICAL QUALITY CONTROL 
deat / ASSISTS IN ASSURING 


Complete line 


yo gery PRODUCT UNIFORMITY 


materia 
specifications. ag! Illustrated above are typical manufacturing and in- 
spection operations made more effective by the 
application of statistical quality control methods. 


DROP 
FORGINGS 


Up to 
20,000 pounds 
in all forgeable 


These methods are used as an important tool in 


ability and dependable performance into every Ladish 
Controlled Quality fitting and forging. 


material 


spec ific ations. 


| 
| 
| building uniformity, consistent quality, maximum reli- 
| 
| 
| 


ROLLED | ) TO MARK PROGRESS 
RINGS | 
Up LADISH CO 
140,000 pounds, | + 
| ‘ 
| 


24 feet CUDAHY (Milwaukee Suburb) Wisconsin 


diameter 


Rectangular and Plants and Sales Offices throughout 


A i the United States and Canada 


contour cross 


sections 
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100% RELIABILITY §=.4 
in 100% INSPECTION == 


4 Simply attach 


amie ee TROUNLTOL 


INSPECTION EYE 
TO YOUR GAGES 











(any goge with 
light 
indicators) 


BUILDERS OF SPECIAL DESIGN 


e AIRCRAFT CONSTANT SPEED DRIVE SYSTEMS e 
e MISSILE COMPONENT ACCESSORIES e 
This new Monode Instrument marks the metal part electro QUA“ITY BUILT IN 


chemically with your APPROVAL SYMBOL when light on gage 
is oreen. At All Other Times the MATERIAL REVIEW mark is USING 


made. No Compromises. No Errors due to Delay between STATISTICAL QUALITY CONTROL METHODS 


Gaging ond Marking 
SUNDSTRAND-TURBO 
ite DENVER, COLO. . PACOIMA, CALIF 
BY? Monode » INC. DIVISION OF SUNSTRAND MACHINE TOOL CO 


ROCKFORD, ILLINOIS 








3751 PROSPECT AVE. « CLEVELAND 15, O. 














; & 
INTERNATIONAL Quality... 


Strict quality control at all levels of produc- 
LATEX CORPORATION tion assure Dofasco peat of the finest 
grade of steel... unsurpassed for accuracy 


and uniformity. 


Women's Wear Children’s Wear =r 


Household Products Pharmaceuticals Tin Plate Blue Plate Slack Plate 
Steel Castings Steel Plate 
Pig Iron Cold Rolled Strip 
Cold Rolled Sheets Electrical Sheets 
Vitreous Enamelling Sheets 


QUALITY PRODUCTS FOR THE CONSUMER New “Premier” Galvanized Sheets 
THROUGH MODERN QUALITY CONTROL TECHNIQUES 


Industrial Chemicals Government Products 


PLAYTEX PARK 


Dover « Delaware 


DOMINION FOUNDRIES and STEEL, LIMITED 
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As Mr. Bright 


Sees the New ae 
59 Cars 
4, ‘ eign cars still too small and cramped He saw the compact new Rambler and cheered 


Only 1 Rieailion gives you the best of both 
Bl CAR ROOM AND COMFORT « SMALL CAR ECONOMY AND HANDLING EASE! 


“4 7 
= ; “ 


—— 














1959 Rambler 6 Cross Country 
¥¥ 


New models! New styling! New economy! America’s top 


economy car delivers even more miles per gallon for °59. 


: ° 3p” Discover new PERSONALIZED COMFORT, too . 
First Car with sectional sofa front seats for driver and passenger glide 
PerSonalized 


backward and forward independently, (illustrated at 


left) plus reclining seat backs, adjustable headrests 





yours only in the 59 Rambler! 


1959 Rambler American 100-in. Wheelbase Station Wagon 1959 Metropolitan Convertible 


or Hardtop 
VISIT YOUR RAMBLER DEALER FOR A DEMONSTRATION DRIVE 
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J “FIRST CALL, 
“ THEN FIX” 


A quality control slogan that Keeps 
production standards high 


sy 


MAY, 1959 


Good Quality Control depends on 
good communications. This is particu- 
larly true at Continental, since can 
bodies are turned out faster than the 
eye can see. Close teamwork and com- 
munications between the Operating 
and Quality Control Departments is a 
must. Any deviation in standards must 
be checked immediately or spoilage 
can be fantastic. Our operating and 
quality control people accept this re- 
sponsibility with a will. Their working 
alert 


Quality Control to prevent defects 


motto is: First stop the line 


from leaving the production area .. . 
find out what is wrong on the line, and 


then fix. 


Before a trial run, machinery is in 
spected to make sure it is at its top 
quality level — from slitter to double 
seamer. Every station is set up as if it 
were a separate machine. During trial 
runs, cans are stripped, structures 
exposed and studied, and alterations 
made as required. 

During regular production, cans are 
pulled off the line, measured, stripped, 
and studied again to assure that pro 
duction standards are being main 
tained. In addition, quality control 
inspectors take a sampling of finished 
cans before they leave the plant 

Quality control is a vital facet of 
U.S No one 


more than Continental Can Company 


. industry. appreciates it 


CONTINENTAL (Cc CAN COMPANY 


Eastern Division: 100 E. 42nd St., New York 17 
Pacific Division: Russ Building, San Francisco 4 


Canag 


Central Division: 135 S. La Salle St., Chicago 3 
an Division: 5595 Pare St., Montreal, Que 


Cubon Office: Apartado #1709, Havana 





What's New? ROY A. WYLIE, Editor 


Ampex Corporation 


P-3-11—An ultra-sensitive moisture in- ter Co. The new Model PM, incorporat- 
dieating instrument with roller type ing five stages of sensitivity, solves 
electrode for use on moving paper rolls production line moisture measurement 
has been announced by Moisture Regis- problems formerly beyond the capabil- 


PM Model 
PM Model Master Unit 


Master Unit (Back) 
(Front) 


R-] 
Plug In Electrode 
Roller Type 


D-1 S-1 
Plug-in Electrode Plug-in Electrode 
Deep Penetration (3 Shallow Penetration 


AVAILABLE NOW... Your Copy of 
Production and Field Reliability Handbook 


Edited by the 


Fechnical Publications Committee of the Electronics 
Division of the American Society for Quality Control 


Begins with basic reliability principles and theory, progresses 
logically through reliability and quality controls applied during 
the sequential steps of production and field use. 


TABLE OF CONTENTS 


Reliability Concepts . Process Controls 
Terms & Definitions Unit & System Tests 
Reliability Mathematics Maintenance Aspects 
Supplier Controls Field Failure Reporting 
Supplier Rating Field Failure Analysis 
Receiving Inspection and Test Field Evaluation 
(PSs eee ee eee ee wwe ewmoeeememeeeeaeaeaaascee 

J. Bemersderfer, Electronics Division Tre: 

General Electric Co., Building 500, Cincinnati 15. Ohio 

Send me copies of the Production and Field 


Reliability Manual at $3.50 per copy. $2.75 per copy for 
Electronics Division members 


Amount enclosed. 


Address 


Make all checks payable to the Electronics Div.. ASSOC. 


| 

| 

| 

| 

| 

| 

| 

| Name 
| 

| 

| 

[ 
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Send for Information 

Additional information regarding new 
products or new literature items appear- 
ing in the “What's New’ department 
can be obtained by writing in the key 
number of the item in the Product Edu- 
cation Service coupon which appears on 
page &6 











ity of a single instrument. A nomagraph 
accompanying each model eliminates 
calibration curves on papers and similar 
materials of known density, enabling 
complete percentage moisture content 
readings on the spot in a few seconds. 
The instrument gives accurate measure- 
ments in the 0 to 40 percent moisture 
range within close tolerances. Through 
the use of a new roller-type electrode, 
the Model PM is capable of detecting 
wet streaks or uneven distributions of 
moisture while paper rolls are in mo- 
tion. The instrument’s excellent mobility 
allows instant answers on any part of 
the moving paper rolls or other similar 
materials for immediate corrective ac- 
tion where necessary. The Plug-in, roll- 
er type electrode consists of two hard- 
ened metal rollers, ball bearing mounted 
for long life and smooth operation on 
moving material. It will accurately test 
stationary rolls, stacks and skids, show- 
ing moisture distribution patterns mea- 
suring by radio frequency determination 
of the dielectric constant of the sample 
Additional plug-in electrodes are availa- 
ble for thin penetration and deep pene- 
tration testing. A separate probe has 
been designed for specific use on hard- 
board. The Model PM is completely 
portable, weighing five pounds and is 
easy to use. Voltage fluctuations of 
90-130 volts are automatically compen- 
sated. Zener diodes protect the meter 
against overloads. The Model PM com- 
plete sells for $325 and additional elec- 


trodes are $65 each 
x** * 


P-4-1—The Optron Displacement Fol- 
lower for daylight operation has recently 
been announced. This is a device fo: 
measuring vibration, motion am is- 
placement of mechanical parts without 
physical contact with the work being 
measured. The optical-electronic in- 
strument focuses a small spot of light 
on the edge of the work. A fast electronic 
servo causes this spot to follow the mo- 
tion of the work. The instrument may 
be used to measure amplitude, frequen- 
cy and waveform of shaketables, accele 

rometers, velocity pick-ups, mounted 
assemblies and components on shake- 
tables, relay contacts, governors, valves 
contro! linkages and vibration machin- 
ery. Any motion in any plane can be 
measured. The “Daylight” 701 is similar 
to Models 401, 301, 250, 1 and 010, but it 
may be set up, operated and calibrated 
in an ambient illumination to 40 foot- 
candles of either daylight or incandes- 
cent light (usual illumination in a ma- 
chine shop or on an office desk.) Three 
interchangeable lenses are available to 
cover displacement ranges of 0.050, 
0.100, 0.500 inches peak to peak ampli- 
tude full scale. Other models are avail 

able for ranges up to ten inches 
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the _ | 
control. ¢ OY it 


roleimma Jel it-tilelsMmal-t- Mel -lamel iii melamL: 
rol imme ieiivig-mel-)ol-lalst- mela. 
> Fall 
fib6ys—chromspun® and Estron” Acetate, Verel Modified Acrylic, Kodel” Polyester 
plastics—tenite Butyrate, Propionate, Acetate and Polyethylene 


chemicals—raw materials, intermediates and specialty products 


7 
SF 


Pu, a 


EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of Eastman Kodak Company, KINGSPORT, TENNESSEE 
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uestion 


(ss) American 


Manufacturers Products 
Are : Cold Rolled Strip 
Carbo ind Stainless 


turers Wire 
and Stainless 


Ame in Ma ’ 


A 
Pre 
A 


Better Steel Products 
fo make your products better 


Who would rock a chair 
750,000 times? 


The Homecrest Company of Wadena, 
Minnesota, did! This furniture company 
wanted to add a modern rocking chair to 
its line of functional home furniture—but 
only if the chair could be a quality item 
that would give good, dependable service 
Che AS&W Spring Engineering Research 
Service studied the problem and recom 

mended a pair of round wire helical single 
coil torsion springs. Using these springs 
Homecrest designed the chair. The chair 
was then put through a test that far ex 

ceeded any amount of service it would 
get in normal home use. Under a 250 

pound weight, the chair was mechani 

cally rocked 750,000 times without show 

ing any sign of failure. The Homecrest 
Company has now manufactured 20,000 
of these chairs—and not one has failed 


SS, American and A strip are registered trademarks 


American Steel & Wire 
Division of 


Why was this sash lift 
So difficult to make? 


This sash lift locks simple enough, but it 
caused the manufacturer, Amerock Cor 
poration of Rockford, Lllinois, plenty of 
trouble. The strip steel originally used 
failed under the severe double drawing 
operation. But then Amerock brought the 
problem to American Steel & Wire. The 
AS&W metallurgists recommended a #2 
Finish USS Amerstrip which fulfilled 
the deep drawing requirements, and held 
a finish suitable for plating. Joe Ellis of 
Amerock said, “AS&W did an excelJent 
job in developing a strip steel which 
would do this difficult double draw, yet 
maintain its finish for plating. We have 
had more trouble from other steels doing 
simpler jobs.” Another example ef the 
ways AS&W tailors the products of its 
Manufacturers Division to meet the cus 
tomers’ requirements. 


United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors « Tennessee Coal & Iron Division, 


Fairfield, Ala., Souther 


Distributors « United States Stee! Export Company, Distributors Abroad 
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SPEAKER 


SUBJECT 


SECTION 


P-4-2—Groups of seven different cams, 
arranged in stacks are checked for con- 
tour, proper stacking, and broken o1 
chipped edges on a _ semi-automatic 
Federal electric gage. A master cam 
stack is permanently fixed on a precision 
locating shaft. The stack to be checked 
is positioned precisely on the same shaft 
and held tightly in place by a pressure 
plate. Reference contacts ride the con- 
tours of each of the seven cams in the 
master stack. The sensitive gaging con- 
tacts which check the workpiece are 
coupled to the reference contacts by 
means of pantographs and follow them 
exactly as the shaft is rotated. Electrified 
dial indicator gaging units, called Elec- 
tricators, contact the pantographs and 
any difference between a reference con- 
tact and its sensitive counterpart causes 
the Electricator spindle to move The 
pindles actuate switching contacts 
which control signal lights. By glancing 
at the bank of lights mounted above the 
gaging station, the inspector can quickly 
ascertain the acceptability of the entir« 
stack of cams. To make comparative 
measurements, it is necessary to have a 
master, and in cam measurement the 
master must conform to the exact shape 
neede to produce the proper movement 
of the cam-follower. Comparing these 
r »y ordinary method 
complicated, but by link 
ve gaging contact with the 
reference contact which l 
around the contour of the ma 
fairly easy to make a comparison 
tween the relative position of é 
gaging contact 
x* * * 
P-4-3—Mid-eastern Electronic Ir 
offer a line of certified Laborato 
Standard istors for use with the com 
pany’s Megatrometer in measuring ré¢ 
istance in the ultra high megohm rang 


Standard Resistors are available in four 
values: 10 megohms, 100 megohm 1,000 
megohms and 10,000 megohm Each 
unit is certified to 0.2 percent ar 
upplied with a temperature cur 
Prices range from $72.00 to $138.75 ea 
The Resistors are mounted in a Faraday 
Bex which plugs directly into the Mega 
trometer. Teflon insulation, guard ring 
and special silicone treatment 
eliminate ri | cag I'he 
ratory Standard R c ipple 
company Reference Re 
offered in val from 1000 


a 
P-4-4 Dynametri Cort 


oped a Pneumatic Ga 

used a an accurate 

primary andard in gaug 

ibration all instruments m« 
pressure. The instrument feature 
unusual range of pressures with provi 
ion for any pre ire-reference betwee! 
zero absolute and 500 psi gauge. Star 
ard weight sets permit 
measurement of 0.1 psi 

0.015 percent of a full 

quirment is 105-124 vol 

Pressure is supplied by 

filtered pressure sour« 





MODEL M-10 


DC AMPLIFIER 


Wihigars 

Chopper-Stabilized 
- Multipurpose 

DC Amplifier for 


Laboratory and 
Industrial 
Applications 


Versatile, reliable, the M-10 is suitable 
for many applications where low level 
DC amplification is required. May oper 
ate from either current or voltage 
source and provide either current or 
voltage output with proper shunts 


UTILIZE YOUR 
PRESENT 0-1 MA 
Recorder for 
MANY NEW 
APPLICATIONS 


ideal for use with O0-] 
A recorders. High output impedence 
prevents excessive damping. A_ trim 
provided ft ilibrate the 
Vy Linearity is bet 
, for the amplifie m 

bination usage shown is with & 


Angus 0-1 MA Recorder 
WRITE FOR BULLETIN 


,» houston 
vinstrument 
corporation 


1717 Clay Ave. * Houston 3, Texas 
CA 5-6964 











a 
salute 
to the 
society 
of high 
standards. .. 


THE AMERICAN SOCIETY 
FOR QUALITY CONTROL, INC. 


...and best wishes for 2 
successful convention / 


Leoucnr AIRCRArT 
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for external source. There is a built-in 
pressure bleed valve. The case is vented 


to atmosphere or may be evacuated for 


reference to a lessor pressure 


x~* * 


P-4-5—Rese Engineering has announced 
the Medel 4012 Automatic Memory Cores 
Handler for fully automatic cr manual 
rate feeding of standard,, 0.080 inch 
O.D., miniature ferrite memory cores to 
a testing point, in pilot line or full scale 
production line testing. Operating at a 
maximum handling rate of 3600 cores 
per hour, the instrument provides for the 
separation of the tested cores in five dif- 
ferent grades. The grades, as well as the 
rate of handling, are selected by the 
operator or by fully automatic core 
analysis equipment such as the Ress 
Re: For laboratory analysis of mod- 
erate quantities of cores, provision has 
been made for holding the core in the 
test contacts for an indefinite length of 
time to observe its voltage response 
The grading method allows the tested 
cores to be deposited in one of five grade 
bottles, making the 4012 particularly 
suitable for statistical analysis of core 
production and for memory applications 
where it 1s desired to group cores ac- 
cording to spec ifications of peaking time 

switching time, value of “zero” re 
sponse, am or value of “one : respons 

The new core handler system is com- 
prised of the electromechanical handlet 
mechanism, a remote manual control 
init, and re electronic control unit 


whic h iT iuad powel ipplies ana 


yl0n 7. Gi an») |G ee 
for generating 
random numbers 








JAPANESE STANDARDS ASSOCIATION 
6-1, Ginza higoshi, Chuo-ku, 
Tokyo, Japon 
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Institute of Statistics, North Carolina State College 


A one-week intensive short course in “Statistics methods for research 
workers in industry and the physical sciences will begin the week of Aug. 10 
The course, sponsored by the Institute of Statistics at North Carolina Stat 
College, will be held at Brevard College in Brevard, N. C. An elementary 
and an advanced section of the course will be offered 

Lectures in the elementary section will cover basic concepts, confidence 
limits, tests of significance, correlation and curve fitting, analysis of variance 
and an introduction to design of experiments 

Among the topics to be included in the advanced section will be variance 
components, multiple regression, response methods, and experimental design 

A registration fee of $125 will be charged. Enrollment will be limited to 
50 students in each section 

For further information write Division of College Extension, Box 5125 
State College Station, Raleigh, N. 








transistor operated control. logic and ing pressures can be used from app: 


oxi 


timing circuits, and which may be mately zero pressure up to 20 gram 


placed at any location remote from the depending on softness or hardne 


ol 


actual handler mechanism. Maintenance material involved. Measurement is 


is facilitated by modular plug-in card shown on a counter with large, ea 
type construction, and higher produc- read numerals. When used within 
tion rates can be attained by operating designed measuring range, the inst 
two 4012 handlers in time multiplex ment is its own reference standard 


sily 
the 


ru 


and 


Cores are fed from a vibrating reservoir the need for gage blocks is eliminated 


under the infiuence of a magnetic field ss 


which lines up the cores in tangential P-4-7—W 
~4a-4 eignings 1OW al > mad 
links and allows one core at a time to — a 


pass through an escape flue to position T Dial Bal 
itself upon a metallic shoe. Here it i ee a ee 


picked up by one of four revolving test | whicl , 
pins which carries the core into two set lial which can be turned without 
of contacts. Programmed pulses : resting the oil-damped balance, rep 
plied to the core through or ing the time consuming “cut-and 
1ieK tO p « irougn ne ond . 
contacts, while the second set of con procedure. The portion of tl 
tact pic ks up the induced voltage out he low one fram 1 dialed 
put from the core Thi sponse 1 wenaeenhete- f ten milligram / 
anoneniened 1 the operat > an it mechanism retains its original 
ami P y I operator o an auto 
‘ mo thi a millic veigh 
matic decision making circuit Miter more owrilies , lion we 
. ‘ uncom om \ Tuli ite 
energizes one ol the five pick off z = : , nal a ’ — 29 ; 
ha 1 vic y mo 
tions where the core I magneticall un area _— Pre dpptanee likes ' 
moved from the pin and dropped parats — he org 
and slide weight for “fine 


ifter the weight had been deter: 
x~* * within one gram. The new Dial Bal 
P-4-6—The new Dice igits tear t IS avallal two model DLT2 h 


Micrometer capable making capacity 120 grams and a sensib 


the proper grade reservoir 


or more readings per mint ‘ reciprocal of ten milligram DI 
racies of 20 millionths ha ! ‘ ha the i pecification 
nounced. The instrument i lly equipped with a polished staink 
designed for produc tion use by a coop tor bi lk material. The me 
operators and is particularly) tab as a cor ‘sistant 
for those industries working with frag constructe lude dust 

} 


ile or compressable material 








Quality Control Automatic Screw Machine Products 


M & S Manufacturing Company 
219 East Main Street 


Hudson, Michigan 


Our best wishes for another successful year. 








one-third of the time formerly requi 
The 


new design features a simple graduated 


in 


rea 











with a glass front and top. The unit 
measures 11% x 6 8'4 inches 

* * * 
P-4-8—General Electric has announced 
a new X-ray Gage for measurement of 


materials ich aS paper, 
materials 


Low lensit 
fabrics, sheet and film-like 
The newly developed gage, with a 
source that can be t ne on” and 
off’, employs very ft x-rays which 
should make it more desirable for gag- 
ing operations in many industries which 
devices 


ve been employing other 


X-ray gages do not require the constant 


precautions of nuclear gages which em- 

radioactive rsotope When the 

off the source i off The 

lso eliminates the necessity of ob- 

ing AEC licenses and the mainte- 
} 


ance of speci. laboratories for han- 


} 


lling the radioactive isotope source ma- 


i of non-x-ray-ty}] 

4 ge with 
! we uited for ms \ istries anda 
the company is prepa! liscuss spe- 
cific application witl lanutacturers 


ive low densit mis rial gaging 


* * * 


q iality 
analysi multiple-unit 


DY Vee 


expedite 


rated counte!l 


accuracy 

in inspectior nclude 
reject rn Imber1 ind 
lots in 
attribute 


it 
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clinics, conferences, 
and courses 


be a nn 0 noone eeeece 


MAY 

25-27—13th Annual Convention and 
National All-industry Quality Control & 
Production Exposition, Public Auditorium 


Cleveland, Ohio, sponsored by ASQC 


3i-June 5 


JUNE 
8-July 17 


successive tests; frequency distributions 
to give immediate readings in variable 
sampling, lot-plot, ete. Vary-Tally 
Counters are now available in single 
units or in stock combinations up to 
72 (6 banks with 12 units across in each 
row) and one whole row can be reset to 
zeros with one turn of a single knob 
x** * 

P-4-10—A complete change in the line 
of Webber Rectangular Steel 
Blocks to incorporate new higher accu- 


Gage 


racies and greatly reduced prices has 
Rectangular steel blocks 
classified as Grade A with 
accuracies of +0.000004 inch and 

0.000002 inch are now called A+ by 
the manufacturer, and the price of an 
84-block set (including two 0.100 inch 
wear blocks of Croblox) has been re- 
duced from $413.00 to $287.50. These 
new A+ blocks are of inspection qual- 


been made 
formerly 


ity, priced for everyday shop use. In 
addition, an entirely new classification 
of Webber Rectangular Steel Gage 
Blocks has been created, featuring 

0.000002 inch accuracies. Known as 
Grade AA, the new blocks are priced at 
$555.00 for an 84-block set. The former 
Grade B line has been discontinued. 
The Grade A+ and AA classifications 
have been made because accuracies of 
the blocks exceed those specified by 
the U S Bureau of Standards for 
Grade A blocks 


complete line has 


This upgrading of the 
wen made possible 
by new, high efficiency equipment de- 
igned and built by Webber. Rectangu- 
lar Steel Blocks are now packaged in 
chests which are 


tough, new plasti 


15-25—Statistical Methods for Process 
Development, University of Chicago, Chicago 
lil., sponsored by Chemical Division of 
ASQC, contact Dr. H. P. Andrews, Research 
Laboratories, Swift & Co, U. S. Yards, 
Chicago, Ill 

15-27 


Meetir 


ThA 


resistant to weather, non-absorbent, 
easy to clean, and designed to withstand 
hard usage. They feature a frosted 
walnut grain Melamine exterior and 
black Bakelite interior. White plastic 
identification strips permit easy visa- 
bility of gage block sizes 


New Literature Available 


L-4-1—The Thwing-Albert Instrument 
Co. is once again writing and publish- 
ing its news bulletin “Facts on Testi ig” 
The bulletin is written and published to 
inform technical people concerned with 
the physical testing of new develop- 
ments in test instruments, new testing 
methods, new applications for test in- 
struments, short cuts discovered by oth- 
er readers, new useful accessories for 
instruments, and trends in testing re- 
search and development work. Instru- 
ments and techniques described are of 
primary interest to the paper industry 
a 
L-4-2—CEA Bulletin BR 111.1 describe 
in detail a new Range and Balance Unit 
The new unit balances out small in- 
equalities in bridge arm resistance. Its 
features include gold contact relays that 
minimize “Dry circuit” problems; a 
front panel switch for changing to 
auxiliary power supplies; pushbuttons 
for controlling both Range and Balance 
and a remote switch for setting all 
channels into two standardization 
modes 
+ . 

L-4-3—An 8-page 


“Manometers—Theory and Application’ 


brochure entitled 


(Continued on page 86) 
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New Western Electric contribution to SQC 


benefits to our job—as manufacturing and supply 


Recently a new book, the Statistis al Quality Con 
trol Handbook, be 

tric plants around the country. It was prepared 
ind published by W. E. to 


inn the pring ipl s and te hnique 


ran appearing in Western Elec 
help train en plovec 
ot SOC 


Thi handbook ot we ll o Cl U0 pa 4 contain 
in extensive descriptic n of the methods used it 
Western Electric in applying SOC to manufactur 


ing operation In making these methods known 


throughout the compan we hope to inspire fur 


ther study and broade ipplic ition of SOC 


rhis new book is additional proof of Western 
Electric s belief in qualit control, We first began 
applying SOC : 
ago. Now it is being used in all our plants. The 


) 


to our operation OVCI > yeal 


1959 


unit of the Bell System have been substantial 
ping u produce consistently dependable 


clephone eq upment if low const 


Others ma find this handbook useful a 
ride tor applying SO to thei operation 
limited number of copii ire ailabl 
be obtained for 1.90. Inquirie 
lressed to uy 


We tern Klectris 
Ne v York 7 N. ¥ 


Merimten 


MANUFACTURING AND SUPPLY UNIT OF THE SELL SYSTEM 
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Product Education Service 


These advertisers provide educational information on their products, expand- 
ing the services of your journal, Industrial Quality Control. 
First they place the latest information on product 
In addition their purchase of advertising space 
supports your Society and this publication. Continue to advance your Society 
by using their products and services and encourage others to do so. They all 


Their support is twofold 
development at your finger tips 


merit 


When writing or talking to advertisers to inquire about their products, always , 
remember to say you saw their ad in Industrial Quality Control 


A-32, Owens-Illinois Glass Co. 


A-l 


your consideration. 


Advertisers in this issue 

Airborne Instruments 
Laboratory, A Div. of 
Cutler-Hammer, Inc 
American Can Co. 

American Coil Spring Co. 

American Motors Corp. 

American Steel & Wire Div.. 
U. S. Steel Corp 

B. C. Ames Co 

Bell Telephone Laboratories, 
Inc 

Chance-Vought Aircraft, Inc. 

Comtor Co. 

Continental Can Co 

Deere & Co. 

De Laval Separator Co. 

Dominion Foundries and 
Steel, Lid. 

Eastman Chemical Co 

Elliott Service Co., Inc 62, 6: 

Ford Motor Co. 


. Harrison Radiator Div., GMC IBC 
7, Houdaille Industries, Inc. 59 


A-23, 
A-24, 
A-25, 
A-26 

A-27, 


A-27a, 


A-28, 


A-29, 
A-30 
A-3l, 


Mail the 


in the 


161 


Art 


A 
A 
A 
A 
N 


Houston Instrument Corp. 81 
International Latex Corp. 75 
Japanese Standards Assoc. 83 
Johns-Manville Corp 
Jones & Lamson 
Machine Co. 47, ¢ 
Jones & Laughlin Steel Corp. 
Ladish Co. 
Lightning Calculator Co. 
M & S Manufacturing Co 
Merck Sharp & Dohme 
Monode, Inc. 
Monroe Calculating Machine 
Cis Bc co pelea 
New Departure Div.. GMC 
New Holland Machine Co. 
Non-Linear Systems, Inc. IFC 


handy coupon below 


What's New? 


INDUSTRIAL QUALITY CONTROL 
Room 6197 Plankinton Building 


West Wisconsin Avenue 


Milwaukee 3, Wisconsin 


Product Education Service wy 


Please send me further information as indicated below: 
(mark key number of advertisements, new products or literature) 


NEW PRODUCTS 


ADVERTISERS 


ame 


Address 





to obtain 
items appearing in advertisements or new products and new literature described 
’ department, pags 78-86 


A-33, Pontiac Motor Div., GMC 
A-34, Republic Steel Corp. 
A-35, Rehr Aircraft Corp... 
A-36, Rust-Lick, Inc. 
A-37, Saginaw Steering Gear 
Div., GMC sina ae 
A-38, Sundstrand-Turbo, Div. of 
Sundstrand Machine Tool Co. 7: 
39, Texas Electronic Products 
Corp. : pentedes dee 
-39a, Texas Instruments, Inc. 5 
, United Air Lines 
. Unit Process Assemblies, Inc. 
2, U. S. Pipe & Foundry Co......50 
3, Veeder-Root, Inc. 34 
, Warner Gear, Div. of 
Borg-Warner Corp. 9 
45, Western Electric Co. 85 
3, John Wiley & Sons, Inc. 73 
. Carl Zeiss, Inc. OBC 


Advertisers in previous issues 
of Volume XV 


Acme Scientific Co 

Allied Radio Corp 

American Optical Co 

Cadillac Gage Co 

Curtiss-Wright Corp 

Custom Scientific Instruments, Inc 

DoALL Co 

Eastman Kodak Co 

Federal Products Corp 

C. E. Foster Gage Corp 

General Transistor Corp 

W. R. Grace & Co., Davison Chemical 
Div 

Kar! Heitz, Inc 

Invo Spline, Inc 

Interscience Publishers, Inc 

Lincoln Gage Co 

Lufkin Rule Co 

Sheffield Corp 





further information about any of the 
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NEW LITERATURE 


Zone No 


Mate 


is now available from Dynametrics 
Corp. The principles and terminology 
encountered in manometry are ex- 
plained, different types of manometers 
are described and a number of manom- 
eter applications with working diagrams 
are presented. Useful conversion tables 
for different manometer fluids are also 
included. 


POSITIONS WANTED 


Address all replies to box number references 
to: American Society for Quality Control 
Room 6197 Plankinton Bldg., 161 W. Wisccn- 
sin Ave., Milwaukee, Wis 


Quality control engineer—statistician, 
35, proven abilities and established 
background administrating fields per- 
tinent to glass packaging—specifications 
and tolerances, sampling plans, correla- 
tions, fill control, etc. B. ChE. with 
graduate studies in Mathematical Sta- 
member ASQC. Desire 
furtherance of personal 
Please reply to Box 15L1 


tistics: senior 
relocation in 


development 


POSITIONS AVAILABLE 


Address all replies to bor number references 
to: American Society for Quality Control 
Room 6197 Plankinton Bldg., 161 W. Wiscon- 
sin Ave., Milwaukee, Wis 


Quality Managers . . . Quality Control 
Engineers Reliability Engineers 
Professional placement service by spe- 
cialists in these fields. Many fee-paid 
positions. 
Quality Control Personnel Service 
267 Hawthorne St., Malden, Mass 
Write or phone DA. 1-5446 





QUALITY CONTROL 
DIVISION COORDINATOR 


A high level staff position with a 
rapidly expanding west coast 
electronics firm, already leader 
in its field. Major responsibilities 
include staff coordination of vari- 
ous operating departments with- 
in Quality Control Division, as 
well as overall management of 
a quality audit function. Excel- 
lent opportunity for further ad- 
vancement. Requires engineering 
degree plus several years quality 
control management experience 
Replies held confidential. Please 
forward complete personal resume 
including education, experience 
and salary requirements as quick- 
so as 


ly as possible, to permit 


scheduling of interviews during 


the week of ASQC Convention, to 


Box 15Y1 
ASOQC, Room 6197 
161 W. Wisconsin Avenue 
Milwaukee 3, Wisconsin 











INDUSTRIAL QUALITY CONTROL 








right) Checking accuracy of 
machine threads on 
1 30 inch magnification 


contour projector 


Nation's first successful 
ntry tests were conducted 


with Lockheed X-17 


ttom) Optical gauge 
determines measurements 
within S$ millionths of an inch 








Lockheed 


QUALITY ASSURANCE 
Expanding the Frontiers of Space Technology 


Quality assurance at Lockheed parallels in importance and augments the research 
and development, projects, and manufacturing organizations. Quality assurance 
engineers establish audit points, determine functional test gear, write procedures, 
and perform related tests 


rhese activities, supported by laboratories, data analysis, establishment of standards 


and issuance of reports — all insure that Lockheed products meet or surpass 
contractual requirements. Economy and quality are maintained at every stage to 
produce the best products at the least cost 

the Navy Polari 


quality assurance at 


With the company holding such major, long 
IRBM; Army Kingfisher; and Air Force Q-5 and X 
I On kheed plays 


term projects as 


a key role in the nation’s defense 

Scientists and engineers of outstanding talent and inquiring mind are invited to join 
us in the country’s most interesting and challenging basic research and development 
Research and Development Staff, Dept. E-23, 

S. Citizenship required 


programs Write 


962 W. El Camino Real, Sunnyvale, California. | 


“The organization that contributed most in the past vear to the advancement of the 


art of missiles and astronautics NATIONAL MISSILE IND RY ONEERENCE AWARD 


MISSILES AND SPACE DIVISION 
Weapons S$) Manager for Navy POLARIS FBM; DISCOVERER 
SATELLITE; Army KINGFISHER, Air Force Q-5 and X-7 


NNYVALE. PALO ALTO. VAN NUY ANTA RUZ ANTA MARIA 
A ANAVERAL FL< AMi ORI NEW ME O*« HAWA 


sfems 








Opportunities 
..» With A Growth Company 


CELANESE has challenging opportunities 
at their Virginia Location for graduate 
chemists or chemical engineers with the 
following qualifications 


(1) QUALITY CONTROL ENGINEER: B.S 
Chem. or Ch.E. min. 7 years quality con- 
trol engineering experience desirable in 
synthetic fibers or chemical industries 
Supervisory and plant production ex- 
perience desirable. Responsible for plan- 
ning of complete quality control pro- 
grams, process capability analyses, piant 
troubleshooting process and product 
specifications, analysis and reporting of 
customer complaints, test methods and 
equipment design, experimental design 
incorporating the techniques of mathe- 
matical statistics 


(2) SENIOR CHEMIST: B. S. Chem. min. 7 
years experience with some practical 
plant experience either in a production 
control lab or quality control group. Su- 
pervisory experience desirable. Experi- 
ence in physical testing of yarns and 
fibers desirable. Knowledge or statistical 
quality control helpful. Must be able to 
assume responsibility of supervising 20 
routine Chemical analysts, 15 people in 
yarn physical testing, and 5 chemists 

(3) Additional openings for Chemists and 
Chemical Engineers at lower experience 


levels 


Liberal Company Benefits, excellent op- 
portunities for advancement and ideal 
working conditions. Complete resume in- 
cluding salary requirements should be 
addressed to 


R. H. MEYER 
Celanese Corporation of America 


P. O. Box 1000 
Narrows, Virginia 











your 


Milw::ukee 3, Wis. 


Prompt notification of a change of ad- 
dress enables us to correct your records 
at the Headquarters Office, correct 
mailing address for 
Quality Control, and notify your sec- 
tion to correct their mailing list. There- 
fore, if you move, fill out this form and 
mail to ASOC, 161 W. Wisconsin Ave., 


Industrial 


le . 
Wi 


QUALITY 
CONTROL 
ENGINEER 


for Sylvania 
in Suburban Boston 


Will determine quality requirements 
for all sub-contracted fabricated, 
purchased and deliverable items. Per- 
form quality audits, process capa- 
bility studies, experimental designs 
and quality training program 
Sylvania’s recent merger with Gen- 
eral Telephone Corporation provides 
a broad new base for your profes- 
sional growth Your yreatest as- 
surance for enhancing your profes- 
sional status will be found by joining 
this dynamic organization as it em- 
barks on wide, new programs of 
expansion 

All inquiries anewered within 
weeks. Relocation expenses paid 
Sylvania 


Please send resume to 
Graydon A. Thayer 


WALTHAM LABORATORIES 


¥ SYLVANIA 


SVL VANIA ELECTRIC PROOUCTS mc 
100 First Avenue 


Waltham 54, Massachusetts 


Change of Mailing Address 
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CONSULTING SERVICES 


Responsibility of the American Society 
for Quality Control, Inc., for Consulting 
Services advertising is limited to cer- 
tification that advertisers hold the grade 
of membership in the Society stated in 
their advertisements. Qualification re- 
quirements for the several grades of 
membership are set forth in the Con- 
stitution of the Society. 





QC Planning Defect Prevention 


LEONARD A. SEDER 
FELLOW ASQC 
267 HAWTHORNE ST. 
MALDEN, MASS. 


DAvenport 4-5446 


Organizing for Quality Training 








Epwarp A. REYNOLDs 
Fellow, ASQC 


Ligonier, Pa. 











BERNARD HECHT 
Quality Control & Reliability Specialist 
Senior Founding Member, ASQC 
Planning and Staffing 
Q. C. Organizations 
Training in Statistical Methods 
Quality Assurance Programs 


5410 Wilshire Bivd. Les Angeles 36, Calif. 
Webster 8-012! 








a... 3, Sox 258 
Greenwood, indians 


SUTHERLAND-JACOBSON G ASSOCIATES 
Consultants in Quality Centrol 


Inspection Procedures, Process Controls, 
Statistics fer Research and Development 


#. J. JACOBSON 


M. L. SUTHERLAND, PR © 
Fellew ASQc 


Fellow ASQc 








Management Contels 


FOUNDED IN 1945 
References and Literature on Request 


699 Rose Ave. 
Des PLAINES, ILL 
Vanderbilt 4-6533 


Senior Partner: 
W. E. JONES 
Fellow, ASQC 








Consulting Services in Quality Control 
Since 1945 


RALPH E. WAREHAM 
Fellow, ASQC 


122 Orchard Ridge 
Chappaqua, New York 


Telephone 
Chappaqua 1-0715 








Quality Control Consultant 


HARMON S. BAYER 
Fellow, ASQC 


Telephone 
WOodward 5-3796 


1154 Book Building 
Detroit 26, Michigan 
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NEW AUTOMATIC CLIMATE CONTROL BY HARRISON 
for FURRELSIFEID Ml 





GENERAL MOTORS USHERS IN A NEW CONCEPT IN 
CAR AIR CONDITIONING! 


From Harrison’s extensive research facilities comes the latest advance in future 


passenger comfort. [Us the first fully automatic climate control for cars! 

And it's ready to go on Firebird IIL, General Motors’ daring new, experimental 
dream car. Passengers can travel from the Aretic to the Equator and keep inside 
car temperature constant with a single setting of just one small dial. This is 

the most advanced heating and cooling system yet devised for cars. And of course 
it comes from Harrison... for no one is better equipped to design air 
conditioning for the cars of tomorrow than the leader in heating and cooling 
the cars of today! Harrison's engineering and manufacturing skill has solved 
temperature control problems in every line of industry and defense. 

If you have a heating or cooling problem, look to Harrison for the answer. 


G 
ARRISON 


AUTOMOTIVE RADIATORS « OIL COOLERS « THERMOSTATS « AIR CONDITIONERS » HEATERS ~ DEFROSTERS 


HARRISON RADIATOR CivisStOn OF GENERAL MOTORS LOCKPORT 





Newly Designed 
Toolmaker's Microscopes 


CARL 
ZEISS 


WEST GERMANY 








These new large and small toolmaker’s microscopes embody 
the results of the most recent developments. They are de- 
cided improvements over former instruments, and offer 
greater ease, greater rapidity and greater reliability of 


measurement 


LARGE TOOLMAKER’S MICROSCOPE 


The new Large Toolmaker’s Microscope has a measuring 
range of 3 x 6”, permitting extensive application. Its new 
built-in gauge block displacement device makes it possible 
to quickly move the stage in the longitudinal direction in 
five steps and in the transverse direction by two steps, thus 
eliminating the old-fashioned method of interchanging 


Large toolmaker’s microscope 
f gauge blocks. The 


» engagement and disengagement of this 
device can be carried out quickly by operating a lever. All 
manipulations, adjustments and readings are performed 
from the same position in front of the instrument. 

The inclined binocular tube can be tilted and adjusted to 
suit the convenience of the operator. During tilting, the 
image in the eyepiece always remains in focus. The object 
to be tested is seen simultaneously with the cross-line of 
the protractor The seale of the protractor and templet, 
however, can be proye ted consecutively into the eyepiece 

Another novel feature of this instrument is the new built 
in, beam-splitting device with single or double reversed 
image in compiementary colors for line-symmetrical of 


center-symmetrical measurements 


SMALL TOOLMAKER’S MICROSCOPE 


The new Small Toolmaker’s Microscope has a measuring 
range of 2 L’. By means of a built-in gauge block dis 
placement device, the stage can be displaced quickly in 
three steps lon.itudinally and in one step transversely. The 
engagement and disengagement of this device can be carried 
out quickly by operating a knob. All manipulations are 
performed from one position 
Write for literature 


Small toolmaker’s micros¢ Opn 





| conn GUARANTEED 
GAP, 2ETD. ‘s, or. REPAIR SERVICE 


485 FIFTH AVENUE, NEW YORK 17, N. Y 











